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SECTION 1 

A R Y  A N D  I~TRODUCTIO~ 

The A p o l l o / S a t u r n  V AS-507 v e h i c l e  was l aunched  from Launch 
Complex 3 9 ,  Pad A a t  t h e  Kennedy Space Center on November 1 4 ,  1969 ,  
a t  1 1 : 2 2 : 0 0  A . M .  E a s t e r n  S t a n d a r d  Time (Range Time Z e r o )  a t  an 
az imuth  o f  90 degrees  e a s t  of n o r t h .  Range t ime,  which i s  
r e f e r e n c e d  t o  Range Time Z e r o ,  i s  used t h r o u g h o u t  t h i s  document 
u n l e s s  o t h e r w i s e  s p e c i f i e d .  Guidance r e f e r e n c e  r e l e a s e  ( G R R )  was 
e s t a b l i s h e d  t o  have  o c c u r r e d  a t  -16 .968  s e c o n d s .  F i r s t  m o t i o n  
o c c u r r e d  a t  0 . 3  s e c o n d .  A t  1 2 . 8  s e c o n d s ,  a r o l l  maneuver was 
i n i t i a t e d  o r i e n t i n g  t h e  v e h i c l e  t o  a f l i g h t  az imuth  o f  72.029 
d e q r e e s  e a s t  o f  n o r t h .  T h i s  f l i q h t  a z i m u t h ,  d e p e n d e n t  o n  t h e  
l a u n c h  t i m e ,  l a u n c h  day and month,  i s  c a l c u l a t e d  u s i n g  po lynomia l  
c o e f f i c i e n t s  t a k e n  from t h e  g u i d a n c e  p r e s e t t i n g s  i n  o r d e r  t o  
a c h i e v e  t h e  d e s i r e d  t r a n s l u n a r  t a r g e t i n q  p a r a m e t e r s .  The t r a n s -  
l u n a r  t a r g e t i n q  p a r a m e t e r s  a r e  f u n c t i o n s  o f  t h e  moon p o s i t i o n ,  
e a r t h  p a r k i n g  o r b i t  i n c l i n a t i o n ,  ear th-moon d i s t a n c e ,  and moon 
t r a v e l  r a t e .  

The v e h i c l e  per formed w i t h  o n l y  minor  d e v i a t i o n s  t h r o u g h o u t  t h e  
e n t i r e  f l i g h t .  The v e h i c l e  was i n s e r t e d  i n t o  a p a r k i n g  o r b i t  
a t  703.91 s e c o n d s  a t  an a l t i t u d e  of 1 9 0 . 9  km (103 .1  n m i )  and 
a t o t a l  s p a c e - f i x e d  v e l o c i t y  o f  7 , 7 9 2 . 5  m/s ( 2 5 , 5 6 5 . 9  f t / s ) .  
The v e h i c l e  remained  i n  o r b i t  f o r  a p p r o x i m a t e l y  one  and o n e - h a l f  
r e v o l u t i o n s .  The S-IVB s t a g e  was r e s t a r t e d  d u r i n g  t h e  second 
r e v o l u t i o n  a p p r o x i m a t e l y  midway between A u s t r a l i a  and Hawai i ,  
a t  1 0 , 0 4 2 . 8  s e c o n d s .  

A t  1 0 , 3 9 3 . 9 4  s e c o n d s ,  t h e  v e h i c l e  was i n j e c t e d  o n t o  a c i rcum-  
l u n a r  t r a j e c t o r y  a t  an a l t i t u d e  of  3 6 8 . 6  km ( 1 9 9 . 0  n m i )  and 
a t o t a l  s p a c e - f i x e d  v e l o c i t y  o f  1 0 , 7 8 6 . 8  m/s ( 3 5 , 3 8 9 . 8  f t / s ) .  
A t  1 1 , 8 8 4 . 9  s e c o n d s ,  t h e  CSM s e p a r a t e d  from t h e  l a u n c h  v e h i c l e  
a t  an a l t i t u d e  o f  7 , 0 7 3 . 3  km ( 3 , 8 1 9 . 3  n m i )  and a t o t a l  s p a c e -  
f i x e d  v e l o c i t y  o f  7 , 5 7 9 . 0  m/s (24 ,865 .5  f t / s ) .  

Fo l lowing  LM e x t r a c t i o n ,  t h e  v e h i c l e  was maneuvered t o  an i n e r t -  
i a l l y  f i x e d  a t t i t u d e  a s  r equ i r ed  f o r  t h e  e v a s i v e  maneuver .  The 
e v a s i v e  maneuver was accompl i shed  by an APS u l l a g e  b u r n ,  a f t e r  
which t h e  v e h i c l e  was o r i e n t e d  t o  a s l i n g s h o t  a t t i t u d e  f i x e d  
r e l a t i v e  t o  l o c a l  h o r i z o n t a l .  The s l i n g s h o t  maneuver v e l o c i t y  
chanqe  was accompl i shed  by a LOX d u m p ,  APS  u l l a q e  b u r n s ,  and 
LH2 v e n t  a s  p l anned  i n  r e a l  t ime .  T h e  r e s u l t a n t  S-IVB/IU's 
c l o s e s t  approach  o f  5,707 km (3 ,082  n m i )  above t h e  l u n a r  s u r f a c e  
d i d  n o t  p r o v i d e  s u f f i c i e n t  e n e r g y  t o  e s c a p e  the  ear th-moon sys t em,  

The impac t  l o c a t i o n  of  t h e  expended S-IC s t a g e  was d e t e r m i n e d  
t o  be 30.273 degrees  n o r t h  l a t i t u d e  and 73 .895  degrees  west 
l o n g i t u d e  a t  5 5 4 . 5  s e c o n d s .  The impac t  l o c a t i o n  o f  t h e  ex-  
pended S - I 1  s t a q e  was d e t e r m i n e d  t o  be 31 .465  d e g r e e s  n o r t h  
l a t i t u d e  and 34 .214  d e g r e e s  west l o n g i t u d e  a t  1 , 2 2 1 . 6  s e c o n d s .  
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S e c t i o n  2 of t h i s  document d e f i n e s  t h e  c o o r d i n a t e  s y s t e m s  a n d  
l a u n c h  p a r a m e t e r s  used f o r  t h e  p o s t f l i g h t  t r a j e c t o r y  a n a l y s i s .  

The p o s t f l i g h t  mass p o i n t  t r a j e c t o r y  r e l a t e d  p a r a m e t e r s  a n d  
a n a l y t i c a l  p r o c e d u r e s  a r e  p r e s e n t e d  i n  S e c t i o n s  3 t h r o u g h  7 .  
The t r a j e c t o r y  i s  d i v i d e d  i n t o  s i x  p h a s e s :  

a .  A s c e n t  Phase 
b .  O r b i t a l  Phase 
c .  Second B u r n  Phase  
d .  P o s t  TLI Phase  
e .  F r e e  F l i g h t  Phase  
f .  S l i n g s h o t  Phase  

The a s c e n t  p h a s e ,  c o v e r i n q  t h e  p o r t i o n  of  f l i g h t  f rom q u i d a n c e  
r e f e r e n c e  r e l e a s e  t o  o r b i t a l  i n s e r t i o n  (703 .91  s e c o n d s ) ,  i s  
d i s c u s s e d  i n  S e c t i o n  3 .  T h i s  t r a j e c t o r y  was e s t a b l i s h e d  from 
d a t a  p r o v i d e d  by e x t e r n a l  C-band r a d a r s  and t e l e m e t e r e d  onboard  
d a t a  o b t a i n e d  from t h e  ST-124M i n e r t i a l  p l a t f o r m .  

The second b u r n  p h a s e ,  d i s c u s s e d  i n  S e c t i o n  3 ,  c o v e r s  t h e  
p o r t i o n  of f l i g h t  from S-IVB r e s t a r t  p r e p a r a t i o n s  t o  t r a n s -  
l u n a r  i n j e c t i o n  ( 1 0 , 3 9 3 . 9 4  s e c o n d s ) .  T h i s  t r a j e c t o r y  was 
e s t a b l i s h e d  by u t i l i z i n g  t e l e m e t e r e d  g u i d a n c e  v e l o c i t i e s  a s  
g e n e r a t i n g  p a r a m e t e r s  t o  f i t  t h e  Hawaii t r a c k i n g  d a t a  a n d  
c o n s t r a i n e d  t o  t h e  s t a t e  v e c t o r s  o b t a i n e d  f rom t h e  o r b i t a l  a n d  
p o s t  TLI t r a j e c t o r y  p h a s e s .  

The o r b i t a l  p h a s e ,  d i s c u s s e d  i n  S e c t i o n  4 ,  c o v e r s  t h e  p o r t i o n  
of f l i g h t  from o r b i t a l  i n s e r t i o n  t o  S-IVB r e s t a r t  p r e p a r a t i o n s  
( 9 , 4 6 4 . 5  s e c o n d s ) .  The o r b i t a l  t r a j e c t o r y  was e s t a b l i s h e d  from 
d a t a  p r o v i d e d  by t h e  C-band r a d a r s  o f  t h e  Manned Space  F l i g h t  
Network.  

The p o s t  t r a n s l u n a r  i n j e c t i o n  (TLI )  p h a s e ,  d i s c u s s e d  i n  S e c t i o n  
4 ,  c o v e r s  t h e  p o r t i o n  of f l i g h t  from t h e  t r a n s l u n a r  i n j e c t i o n  
t o  CSM s e p a r a t i o n  ( 1 1 , 8 8 4 . 9  s e c o n d s ) .  T h i s  t r a j e c t o r y  was 
e s t a b l i s h e d  f rom d a t a  p r o v i d e d  by t h e  C - b a n d  r a d a r s  of  t h e  
Manned Space F l i g h t  Network. 

The e r r o r  a n a l y s i s  of  t h e  r e c o n s t r u c t e d  t r a j e c t o r y  i s  d i s c u s s e d  
i n  S e c t i o n  5 .  The c r i t e r i a  f o r  e r r Q r  a n a l y s i s  a r e  i n c l u d e d  and 
t r a j e c t o r y  u n c e r t a i n t y  l i m i t s  a r e  a s s i g n e d  t o  t h e  a s c e n t ,  p a r k i n g  
o r b i t ,  second b u r n ,  a n d  p o s t  TLI p h a s e s .  

The f r e e  f l i g h t  p h a s e ,  d i s c u s s e d  i n  S e c t i o n  6 ,  c o v e r s  t h e  
t r a j e c t o r i e s  o f  t h e  expended S-IC and S - I 1  s t a g e s .  These  t r a -  
j e c t o r i e s  a r e  based  on i n i t i a l  c o n d i t i o n s  o b t a i n e d  from t h e  
p o s t f l i g h t  t r a j e c t o r y  a t  s e p a r a t i o n .  The nominal s e p a r a t i o n  
i m p u l s e s  f o r  b o t h  s t a g e s  were used i n  the  s i m u l a t i o n .  
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The s l i n g s h o t  p h a s e ,  d i s c u s s e d  i n  S e c t i o n  7 ,  c o v e r s  t h e  t r a -  
j e c t o r y  of t h e  S-IVB/IU a f t e r  i t  was s e p a r a t e d  from t h e  C S M / L M .  
Th i s  t r a j e c t o r y  was  produced by i n t e g r a t i n g  o r b i t a l  model equa -  
t i o n s  f o r w a r d  from a s t a t e  v e c t o r  a t  2 2 . 3 3  hours  G M T ,  November 1 4 ,  
1 9 6 9 ,  which was e s t a b l i s h e d  by t h e  Manned S p a c e c r a f t  C e n t e r  f rom 
U n i f i e d  S - b a n d  ( U S B )  t r a c k i n g  d a t a .  

Appendix A p r o v i d e s  a d e t a i l e d  d e f i n i t i o n  o f  t h e  s y m b o l s ,  
n o m e n c l a t u r e ,  and c o o r d i n a t e  s y s t e m s  used t h r o u g h o u t  t h e  document .  

Appendix B t a b u l a t e s  t h e  t ime  h i s t o r y  of t h e  t r a j e c t o r y  p a r a m e t e r s  
i n  m e t r i c  u n i t s .  

Appendix C t a b u l a t e s  t h e  t i m e  h i s t o r y  o f  t h e  t r a j e c t o r y  p a r a m e t e r s  
i n  E n g l i s h  u n i t s .  
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S E C T I O N  2 

C O O R D I N A T E  S Y S T E M S  AND LAUNCH P A R A M E T E R S  

The t i m e  h i s t o r y  o f  O b s e r v e d  Mass P o i n t  T r a j e c t o r y  p a r a m e t e r s  
i n  b o t h  m e t r i c  a n d  E n g l i s h  u n i t s  i s  t a b u l a t e d  i n  A p p e n d i c e s  B 
a n d  C,  r e s p e c t i v e l y .  T h e s e  t a b u l a t i o n s  a r e  i n  e a r t h - f i x e d  
l a u n c h  s i t e ,  l a u n c h  v e h i c l e  n a v i g a t i o n ,  a n d  g e o g r a p h i c  p o l a r  
c o o r d i n a t e  s y s t e m s .  T h e s e  c o o r d i n a t e  s y s t e m s  a r e  d e f i n e d  i n  
R e f e r e n c e  1 ,  " P r o j e c t  A p o l l o  C o o r d i n a t e  S y s t e m  S t a n d a r d s  , ' I  

(PACSS) a n d  a r e  d e s i g n a t e d  PACSS10, PACSS13, a n d  P A C S S l ,  
r e s p e c t i v e l y .  The  t r a j e c t o r y  s y m b o l s  a n d  t e r m i n o l o g y  u s e d  
i n  t h i s  d o c u m e n t  a r e  d e f i n e d  i n  A p p e n d i x  A .  

T h e  F i s c h e r  E l l i p s o i d  o f  1 9 6 0  ( R e f e r e n c e  2 )  i s  u s e d  as  t h e  
r e p r e s e n t a t i v e  mode l  f o r  t h e  e a r t h  a n d  i t s  g r a v i t a t i o n a l  f i e l d .  
A l l  l a t i t u d e  a n d  l o n g i t u d e  c o o r d i n a t e s  a r e  d e f i n e d  w i t h  r e s p e c t  
t o  t h i s  e l l i p s o i d .  

T h e  g e o g r a p h i c  c o o r d i n a t e s  f o r  L a u n c h  Comp lex  39 ,  Pad A, a t  
t h e  Kennedy  S p a c e  C e n t e r  a r e  as f o l l o w s :  

G e o d e t i c  L a t i  t u d e  28 .608422  d e g r e e s  n o r t h  
L o n g i t u d e  80 .604133  d e g r e e s  w e s t  

T h e  h e i g h t  o f  t h e  c e n t e r  o f  g r a v i t y  o f  t h e  l a u n c h  v e h i c l e  
a b o v e  t h e  r e f e r e n c e  e l l i p s o i d  i s  59 .8  m ( 1 9 6 . 2  f t ) .  

T h e  a z i m u t h  a l i g n m e n t s  a r e  as f o l l o w s :  

L a u n c h  A z i m u t h  90 .0  d e g r e e s  e a s t  o f  n o r t h  
F l i g h t  A z i m u t h  72 .029  d e g r e e s  e a s t  o f  n o r t h  
ST-124M P l a t f o r m  A z i m u t h  72 .029 d e g r e e s  e a s t  o f  n o r t h  
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SECTION 3 

P O U E R E D  FLIGHT TRAJECTORY R E C O  

3 . 1  P O b l E R E n  FLIGHT T R A C I E C T O R Y  

3 . 1 . 1  Ascen t  Phase  

A compar i son  o f  a c t u a l  and nominal t i m e s  f o r  s i q n i f i c a n t  
f l i g h t  e v e n t s  i s  p r e s e n t e d  i n  T a b l e  3-1 .  The nominal t i m e s  
f o r  t h e s e  e v e n t s  a r e  t a k e n  f r o m  R e f e r e n c e  3 .  

The t r a c k i n g  s t a t i o n s  a n d  t h e  v e h i c l e  ground t r a c k  f o r  t h e  
a s c e n t  phase  a r e  s h o w n  i n  F i g u r e  3 -1 .  

The a c t u a l  a l t i t u d e ,  s u r f a c e  r a n g e ,  and c r o s s  r a n g e  a r e  shown 
i n  F i g u r e s  3-2  t h r o u g h  3 - 4 ,  r e s p e c t i v e l y ,  f o r  t h e  e n t i r e  a s c e n t  
t r a j e c t o r y .  The magn i tude  of t h e  t o t a l  s p a c e - f i x e d  v e l o c i t y  
v e c t o r  and t h e  a s s o c i a t e d  f l i g h t  p a t h  a n g l e  a r e  s h o w n  i n  
F i g u r e  3 -5 .  The magn i tude  of t h e  t o t a l  i n e r t i a l  a c c e l e r a t i o n  
v e c t o r  i s  shown i n  F i g u r e  3 -6 .  Mach number a n d  dynamic 
p r e s s u r e  a r e  shown d u r i n g  t h e  S-IC p h a s e  of t h e  a s c e n t  
t r a j e c t o r y  i n  F i g u r e  3 -7 .  

V a r i o u s  t r a j e c t o r y  p a r a m e t e r s ,  such a s  a l t i t u d e ,  v e l o c i t y ,  
a n d  a c c e l e r a t i o n  a r e  g i v e n  a t  some s i g n i f i c a n t  e v e n t  t i m e s  
i n  T a b l e  3-11.  

Engine  c u t o f f  and s t a g e  s e p a r a t i o n  c o n d i t i o n s  a r e  g i v e n  i n  
T a b l e s  3-111 a n d  3-1V, r e s p e c t i v e l y .  

The a s c e n t  t r a j e c t o r y ,  f rom g u i d a n c e  r e f e r e n c e  r e l e a s e  t o  
p a r k i n g  o r b i t  i n s e r t i o n ,  i s  t a b u l a t e d  i n  T a b l e s  B-I t h r o u g h  
B-I11 i n  m e t r i c  u n i t s ,  and i n  T a b l e s  C-I  t h r o u g h  C-I11 i n  
E n q l i s h  u n i t s .  These  t a b l e s  p r e s e n t  t h e  t r a j e c t o r y  i n  t h e  
e a r t h - f i x e d  l a u n c h  s i t e  ( P A C S S l O ) ,  l a u n c h  v e h i c l e  n a v i g a t i o n  
(PACSS13), and g e o g r a p h i c  p o l a r  ( P A C S S 1 )  c o o r d i n a t e  s y s t e m s .  
The d e f i n i t i o n s  p e r t a i n i n g  t o  t h e  t r a j e c t o r y  symbols  a n d  t h e  
c o o r d i n a t e  s y s t e m s  a r e  g i v e n  i n  Appendix A .  

3 . 1  . 2  Second B u r n  Phase 

A compar ison  o f  a c t u a l  a n d  nominal t i m e s  f o r  s i g n i f i c a n t  
f l i g h t  e v e n t s  p e r t a i n i n g  t o  t h e  second b u r n  phase  i s  i n c l u d e d  
i n  T a b l e  3-1 .  

The a c t u a l  a l t i t u d e  i s  shown i n  F i g u r e  3 -8 .  The magn i tude  o f  
t h e  t o t a l  s p a c e - f i x e d  v e l o c i t y  v e c t o r  and t h e  a s s o c i a t e d  f l i g h t  
p a t h  a n g l e  a r e  shown i n  F i g u r e  3-9 .  The magn i tude  of  t h e  t o t a l  
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i n e r t i a l  a c c e l e r a t i o n  v e c t o r  i s  shown i n  F i g u r e  3-10 .  The 
maximum t o t a l  i n e r t i a l  a c c e l e r a t i o n  and e a r t h - f i x e d  v e l o c i t y  
a r e  shown i n  T a b l e  3-11.  

The second b u r n  t r a j e c t o r y ,  f rom t h e  t i m e  of S - I V B  r e s t a r t  
p r e D a r a t i o n s  t o  CSM s e p a r a t i o n ,  i s  t a b u l a t e d  i n  T a b l e s  B - V  
t h r o u g h  B-VI1 i n  m e t r i c  u n i t s ,  a n d  i n  T a b l e s  C - V  t h r o u q h  
C-VI1 i n  E n g l i s h  u n i t s .  These  t a b l e s  p r e s e n t  t h e  t r a j e c t o r y  
i n  t h e  e a r t h - f i x e d  l aunch  s i t e  (PACSSlO), l a u n c h  v e h i c l e  
n a v i q a t i o n  (PACSS13), a n d  q e o g r a P h i c  p o l a r  (PACSS1)  c o o r d i n a t e  
s y s t e m s .  The d e f i n i t i o n s  p e r t a i n i n g  t o  t h e  t r a j e c t o r y  symbols  
a n d  t h e  c o o r d i n a t e  sys t ems  a r e  g iven  i n  Appendix A .  

3 . 1 . 3  T a r q e t i n g  P a r a m e t e r s  

The a c t u a l  a n d  nominal t a r g e t i n g  p a r a m e t e r s  a r e  g i v e n  i n  
T a b l e  3-V. These  nominal p a r a m e t e r s  a r e  used i n  t h e  g u i d a n c e  
computer  a s  t e r m i n a l  c o n d i t i o n s  f o r  t h e  powered f l i g h t  p h a s e s .  
The a c t u a l  p a r a m e t e r s  a c h i e v e d  were c l o s e  t o  nominal .  

3 . 2  D A T A  SOURCES 

3 . 2 . 1  Ascen t  Phase  

T r a c k i n g  d a t a  and t e l e m e t e r e d  g u i d a n c e  v e l o c i t y  d a t a  were 
r e c e i v e d  d u r i n g  t h e  p e r i o d  from f i r s t  m o t i o n  t h r o u g h  o r b i t a l  
i n s e r t i o n .  The t i m e  p e r i o d s  f o r  which t r a c k i n g  s y s t e m  c o v e r -  
age  was a v a i l a b l e  a r e  shown i n  F i g u r e  3-11 and i t e m i z e d  i n  
T a b l e  3-VI.  The q e o g r a p h i c  l o c a t i o n s  o f  t h e  t r a c k i n g  s t a t i o n s  
a n d  t h e  g r o u n d  t r a c k  f o r  t h e  a s c e n t  t r a j e c t o r y  a r e  shown i n  
F i q u r e  3 -1 .  The a n t e n n a  l o c a t i o n s  f o r  t h e  t r a c k i n g  sys tem 
a n d  t h e  v e h i c l e  c e n t e r  of g r a v i t y  a r e  shown i n  F i g u r e  3-12 .  

C o n s i d e r a b l e  C-Band t r a c k i n g  d a t a  were f u r n i s h e d  by t h e  
s t a t i o n s  l o c a t e d  a t  P a t r i c k  Air Force  Base ,  M e r r i t t  I s l a n d ,  
Grand T u r k  I s l a n d ,  a n d  Bermuda I s l a n d .  These  t r a c k i n q  d a t a  
were p r o v i d e d  a s  measured p a r a m e t e r s  i n  a z imuth  a n g l e ,  
e l e v a t i o n  a n g l e ,  a n d  s l a n t  r a n g e .  These  measurements  a r e  
d e f i n e d  i n  R e f e r e n c e  1 and d e s i g n a t e d  a s  PACSS3a. 

Comparisons between t h e s e  d a t a  a n d  t h e  a s c e n t  t r a j e c t o r y  were 
c a l c u l a t e d  i n  PACSS3a. The p o s i t i o n  components  of t h e  a s c e n t  
t r a j e c t o r y  i n  PACSSlO were c o r r e c t e d  f o r  t h e  d i f f e r e n c e s  
between t h e  c e n t e r  of  g r a v i t y  and the  t r a n s p o n d e r  l o c a t i o n .  
The c o r r e c t e d  p o s i t i o n  components  were  t r a n s f o r m e d  i n t o  t h e  
measured p a r a m e t e r s  of PACSS3a. D i f f e r e n c e s  or d e v i a t i o n s  
( t r a c k i n g  d a t a  minus c o r r e s p o n d i n g  p a r a m e t e r s  d e r i v e d  from t h e  
a s c e n t  t r a j e c t o r y )  were c a l c u l a t e d ,  smoo thed ,  and p l o t t e d  a s  
f u n c t i o n s  of t i m e ,  and a r e  shown i n  F i g u r e s  3-13 t h r o u g h  3-15 .  
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3 , 2 , 1  ( C o n t i n u e d )  

P a t r i c k  ( 0 . 1 8 )  r a d a r  p r o v i d e d  t r a c k i n g  d a t a  from 26 t o  524 
s e c o n d s ,  T h e  az imuth  a n g l e  measurements  were o f  good q u a l i t y  
e x c e p t  i n  t h e  t ime i n t e r v a l s  of  40 t o  115  s e c o n d s  $and 435 t o  
450 s e c o n d s ,  where  t h e  measurements  were n o i s y .  They 
d e v i a t e d  c o n s i d e r a b l y  from t h e  t r a j e c t o r y  u p  t o  225 s e c o n d s ,  
b u t  converged  t o  t h e  t r a j e c t o r y  t h e r e a f t e r  w i t h  a maximum 
d e v i a t i o n  o f  0 ,010  degree.  The e l e v a t i o n  a n g l e  measurements  
were n o i s y  d u r i n q  t h e  e a r l y  p o r t i o n  ( 2 6  t o  85  s e c o n d s )  and 
t h e  l a t t e r  p o r t i o n  (430  t o  524 s e c o n d s )  o f  t r a c k i n g .  These 
measurements  a l s o  d e v i a t e d  c o n s i d e r a b l y  from t h e  t r a j e c t o r y  
u p  t o  a b o u t  1 2 5  s e c o n d s  and a g r e e d  f a v o r a b l y  w i t h  t h e  
t r a j e c t o r y  w i t h i n  t h e  t ime i n t e r v a l  f rom 125 t o  524 seconds  
w i t h  a maximum d e v i a t i o n  of  0.019 d e g r e e .  The s l a n t  r a n g e  
measurements  were of  good q u a l i t y  t h r o u g h o u t  t h e  t r a c k i n g  
p e r i o d  w i t h  a maximum d e v i a t i o n  of  8 0  m ( 2 6 2  f t )  from t h e  
t r a j e c t o r y .  

Grand T u r k  ( 7 . 1 8 )  r a d a r  s u p p l i e d  d a t a  from 2 1 7  t o  583 s e c o n d s .  
The az imuth  a n g l e  measurements were o f  good q u a l i t y  from 
240 t o  515 s e c o n d s  w i t h  a maximum d e v i a t i o n  of  0 .020 d e g r e e .  
T h e  e l e v a t i o n  a n g l e  measurements  were n o i s y  i n  t h e  time 
i n t e r v a l  o f  240 t o  515 s e c o n d s  w i t h  a maximum d e v i a t i o n  o f  
0 .020 d e g r e e  from t h e  t r a j e c t o r y .  The az imuth  and e l e v a t i o n  
a n g l e  measurements  were e r r a t i c  o u t s i d e  of  t h e  t ime i n t e r v a l  
o f  240 t o  515 s e c o n d s .  T h e  s l a n t  r a n g e  measurements  
t h r o u g h o u t  t h e  t i m e  span  o f  225 t o  575 seconds  were  of good 
q u a l i t y  w i t h  a maximum d e v i a t i o n  o f  1 2 0  m (394  f t ) .  

M e r r i t t  I s l a n d  (19 .18 )  r a d a r  f u r n i s h e d  d a t a  from 1 6  t o  525 
s e c o n d s .  The az imuth  and e l e v a t i o n  a n g l e  measurements  were 
e r r a t i c  i n  t h e  i n t e r v a l  f rom 165  t o  195  s e c o n d s .  The az imuth  
a n g l e  measurements  r e a c h e d  a maximum d e v i a t i o n  i n  e x c e s s  o f  
0 ,080  d e g r e e  and d e c r e a s e d  r a p i d l y  a f t e r  120 s e c o n d s  w i t h  
a maximum d e v i a t i o n  o f  0 , 0 0 4  d e g r e e  a f t e r  300  s e c o n d s .  The 
e l e v a t i o n  a n g l e  measurements  d e v i a t e d  a maximum of  0.024 
d e g r e e  from t h e  t r a j e c t o r y  a t  54 s e c o n d s  and o s c i l l a t e d  a b o u t  
z e r o  a f t e r  250 s e c o n d s .  The s l a n t  r a n g e  measurements  were 
of  good q u a l i t y  e x c e p t  i n  t h e  t ime span  of  160 t o  185  s e c o n d s ,  
where t h e  d a t a  were e r r a t i c .  The s l a n t  r a n g e  measurements  
had a d i s c o n t i n u i t y  a t  a b o u t  360 s e c o n d s ,  i n d i c a t i n g  a s w i t c h  
from beacon t o  s k i n  t r a c k i n g .  The maximum d e v i a t i o n  of  
s l a n t  r a n g e  measurements  from t h e  t r a j e c t o r y  was 115  m ( 3 7 7  
f t ) ,  

Bermuda ( 6 7 . 1 6 )  r a d a r  p r o v i d e d  d a t a  f rom 257 t o  744 s e c o n d s .  
The az imuth  and e l e v a t i o n  a n g l e  measurements  were n o i s y  a t  t h e  
b e g i n n i n g  from 257 t o  325 seconds .  A c h a r a c t e r i s t i c  d e v i a -  
t i o n  was e v i d e n t  f o r  a l l  r a d a r  measurements  i n  t h e  t ime  
i n t e r v a l  o f  520 t o  580 s e c o n d s .  T h e  az imuth  a n g l e  measurements  
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3 ,2 .1  ( C o n t i n u e d )  

from 325 t o  500 s e c o n d s  approached  z e r o  degree  d e v i a t i o n  
from t h e  t r a j e c t o r y  and r e a c h e d  a maximum d e v i a t i o n  o f  0.001 
d e g r e e .  A f t e r  580 s e c o n d s  t h e  az imuth  a n g l e  measurements  
o s c i l l a t e  a b o u t  0 ,015  d e g r e e ,  The e l e v a t i o n  a n g l e  measure-  
ments were i n  good ag reemen t  w i t h  t h e  t r a j e c t o r y  w i t h  a 
maximum d e v i a t i o n  o f  0.041 d e g r e e .  The e l e v a t i o n  a n g l e  had 
a d e v i a t i o n  o f  0 . 0 0 5  d e g r e e  a t  p a r k i n q  o r b i t  i n s e r t i o n .  The 
s l a n t  r a n g e  measurements  were  o f  good q u a l i t y  t h r o u q h o u t  t h e  
t r a c k i n g  p e r i o d  w i t h  a maximum d e v i a t i o n  o f  90 m ( 2 9 5  f t ) .  
Approachinq t h e  end of  t h e  t r a c k i n g  p e r i o d ,  t h e  d e v i a t i o n  i n  
t h e  s l a n t  r a n g e  measurements  d e c r e a s e d  r a p i d l y  w i t h  a 
d e v i a t i o n  of 1 5  m ( 4 9  f t )  a t  p a r k i n g  o r b i t  i n s e r t i o n .  

Bermuda ( 6 7 . 1 8 )  r a d a r  p r o v i d e d  d a t a  f rom 255 t o  744 s e c o n d s .  
The az imuth  a n g l e  measurements  c o n t a i n e d  l i t t l e  n o i s e  d u r i n g  
t h e  f i r s t  75 s e c o n d s ;  however, t h e  e l e v a t i o n  a n g l e  measure-  
ments  were v e r y  e r r a t i c  d u r i n g  t h i s  t i m e  i n t e r v a l .  Al l  
t h r e e  measured p a r a m e t e r s  showed a c h a r a c t e r i s t i c  d e v i a t i o n  
i n  t he  i n t e r v a l  o f  500  t o  600 seconds .  Except  f o r  t h e  
c h a r a c t e r i s t i c  d e v i a t i o n  t h e  maximum d i f f e r e n c e  o f  t h e  
az imuth  and e l e v a t i o n  a n g l e  measurements  were 0.022 and 
0.021 d e g r e e  r e s p e c t i v e l y .  T h e  s l a n t  r a n g e  measurements  
were of good q u a l i t y  w i t h  a maximum d e v i a t i o n  of  90 m 
( 2 9 5  f t ) .  

3 .2 ,2  Second B u r n  Phase  

T e l e m e t e r e d  g u i d a n c e  v e l o c i t y  d a t a  d u r i n q  t h e  S-IVB second 
b u r n  p e r i o d  were r e c e i v e d  and were used a s  g e n e r a t i n g  
p a r a m e t e r s  i n  r e c o n s t r u c t i n q  t h e  second b u r n  t r a j e c t o r y .  
A l s o ,  C-band r a d a r  t r a c k i n g  d a t a  were o b t a i n e d  from Hawaii 
from 10 ,260  t o  10 ,392  s e c o n d s .  These  t r a c k i n g  d a t a  were 
of good a u a l i t y  and were used i n  t h e  t r a j e c t o r y  r e c o n s t r u c t i o n .  

Comparisons between Hawaii t r a c k i n g  d a t a  and t h e  S-IVB second 
b u r n  t r a j e c t o r y  were c a l c u l a t e d  u s i n g  t h e  same p r o c e d u r e s  a s  
f o r  t h e  a s c e n t  p h a s e .  D i f f e r e n c e s  o r  d e v i a t i o n s  ( t r a c k i n q  
d a t a  minus c o r r e s p o n d i n g  p a r a m e t e r s  d e r i v e d  from t h e  second 
b u r n  t r a j e c t o r y )  a r e  shown i n  F igu re  3-16. 

The a z i m u t h  and e l e v a t i o n  a n g l e  measurements  f rom Hawaii 
c o n t a i n e d  l i t t l e  n o i s e  and were i n  good agreement  w i t h  t h e  
t r a j e c t o r y  w i t h  maximum d e v i a t i o n s  o f  0 ,004  and 0 . 0 0 7  
d e g r e e ,  r e s p e c t i v e l y .  T h e  s l a n t  r a n g e  measurements  were o f  
good q u a l i t y  w i t h  a maximum d e v i a t i o n  o f  180 m (591 f t ) .  
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3 * 3  TRAJECTORY RECONSTRUCTION 

3 , 3 , 1  Ascen t  Phase  

The a s c e n t  t r a j e c t o r y  from g u i d a n c e  r e f e r e n c e  r e l e a s e  t o  
o r b i t a l  i n s e r t i o n  was e s t a b l i s h e d  by a c o m p o s i t e  s o l u t i o n  
of a v a i l a b l e  t r a c k i n g  d a t a  a n d  t e l e m e t e r e d  o n b o a r d  g u i d a n c e  
v e l o c i t y  d a t a .  

B e f o r e  t h e  d a t a  were  used i n  t h e  t r a j e c t o r y  s o l u t i o n ,  one 
or more of t he  f o l l o w i n g  p r o c e s s i n g  s t e p s  was pe r fo rmed :  

a .  I n s p e c t i n g  f o r  f o r m a t  and p a r i t y  e r r o r s  
b .  Time e d i t i n g  
c .  Data e d i t i n g  and f i l t e r i n g  
d .  R e f r a c t i o n  c o r r e c t i o n  
e .  R e f o r m a t t i n g  
f .  C o o r d i n a t e  t r a n s f o r m a t i o n  

The p o s i t i o n  components  of  t h e  t r a c k i n g  p o i n t  of t h e  v e h i c l e  
i n  PACSSlO were e s t a b l i s h e d  by merging t h e  l aunch  p h a s e  a n d  
a s c e n t  phase  t r a j e c t o r y  s e g m e n t s .  

The l a u n c h  p h a s e  ( f rom f i r s t  m o t i o n  t o  2 0  s e c o n d s )  was 
e s t a b l i s h e d  by i n t e g r a t i n g  t h e  t e l e m e t e r e d  q u i d a n c e  a c c e l e r -  
ome te r  d a t a  and c o n s t r a i n i n g  i t  t o  t h e  e a r l y  p o r t i o n  o f  
t h e  a s c e n t  Dhase t r a j e c t o r y .  The a s c e n t  phase  ( f rom 20  s e c o n d s  
t o  o r b i t a l  i n s e r t i o n  a t  703.91 s e c o n d s )  was based on a 
c o m p o s i t e  f i t  of  e x t e r n a l  t r a c k i n g  d a t a  and t e l e m e t e r e d  o n -  
board  g u i d a n c e  v e l o c i t y  d a t a  a n d  was c o n s t r a i n e d  t o  t h e  
i n s e r t i o n  v e c t o r  o b t a i n e d  from t h e  o r b i t a l  a n a l y s i s  a s  
d e s c r i b e d  i n  S e c t i o n  4 .  The r e c o n s t r u c t e d  t r a j e c t o r y  i s  
r e f e r e n c e d  t o  t h e  v e h i c l e  c e n t e r  of g r a v i t y .  

In t h e  above a n a l y s i s ,  a computer  program ( G A T E ) ,  which u s e s  
a g u i d a n c e  e r r o r  model ,  was u t i l i z e d .  The t e l e m e t e r e d  g u i d a n c e  
v e l o c i t y  d a t a  were  used a s  t h e  g e n e r a t i n g  p a r a m e t e r ,  and e r r o r  
c o e f f i c i e n t s  were  e s t i m a t e d  t o  b e s t  f i t  t h e  t r a c k i n g  
o b s e r v a t i o n s ,  The Kalman r e c u r s i v e  method was used  f o r  t h e  
e s t i m a t i o n .  R e f e r e n c e  4 g i v e s  a t h e o r e t i c a l  d i s c u s s i o n  of 
t h e  G A T E  program. 

The p o s i t i o n  components ,  i n  PACSS10, were f i l t e r e d  and 
d i f f e r e n t i a t e d  t o  o b t a i n  v e h i c l e  v e l o c i t y  and a c c e l e r a t i o n  
components .  S i n c e  numer i ca l  d i f f e r e n t i a t o r s  t e n d  t o  d i s t o r t  
t h e  d a t a  t h r o u g h  t h e  t r a n s i e n t  a r e a s  ( e n g i n e  c u t o f f s ) ,  t h e  
g u i d a n c e  v e l o c i t y  d a t a  were  i n t e g r a t e d  and used t o  f i l l  i n  
t h e s e  a r e a s .  

The t r a j e c t o r y  d a t a  i n  PACSSlO were t h e n  t r a n s f o r m e d  t o  
s e v e r a l  c o o r d i n a t e  s y s t e m s .  Var ious  t r a j e c t o r y  p a r a m e t e r s  
were a l s o  c a l c u l a t e d  and a r e  p r e s e n t e d  i n  Appendices  B and C .  
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3 . 3 . 1  ( C o n t i n u e d )  

I n  c a l c u l a t i n g  t h e  Mach number a n d  dynamic p r e s s u r e o  measured 
m e t e o r o l o g i c a l  d a t a  were used  u p  t o  an a l t i t u d e  of  5 4 . 8  km 
( 2 9 . 6  n m i ) .  Above t h i s  a l t i t u d e  t h e  measured d a t a  were 
merged i n t o  t h e  U.S .  S t a n d a r d  R e f e r e n c e  Atmosphere .  

3 . 3 . 2  Second B u r n  Phase  

T h e  s econd  b u r n  t r a j e c t o r y  was e s t a b l i s h e d  by combining  an 
o r b i t a l  t r a j e c t o r y  segment  and a powered f l i g h t  t r a j e c t o r y  
segmen t .  

The o r b i t a l  t r a j e c t o r y  segment  c o v e r s  t h e  p o r t i o n  of  f l i g h t  
f r o m  t h e  b e g i n n i n g  o f  S-IVB r e s t a r t  p r e p a r a t i o n s  ( 9 , 4 6 4 . 5  
s e c o n d s )  t o  9 , 8 4 0  s e c o n d s .  T h i s  t r a j e c t o r y  segment  was 
o b t a i n e d  from t h e  o r b i t a l  s o l u t i o n  a s  d e s c r i b e d  i n  S e c t i o n  4 .  

The powered f l i g h t  t r a j e c t o r y  segment  c o v e r s  t h e  t i m e  span 
from 9 , 8 4 0  s e c o n d s  t o  t r a n s l u n a r  i n j e c t i o n  ( 1 0 , 3 9 3 . 9 4  s e c o n d s ) .  
T h i s  t r a j e c t o r y  segment  was e s t a b l i s h e d  by i n t e g r a t i n q  
t h e  t e l e m e t e r e d  g u i d a n c e  v e l o c i t i e s ,  which were used a s  
g e n e r a t i n g  p a r a m e t e r s ,  t o  f i t  t h e  Hawaii t r a c k i n g  d a t a  a n d  
c o n s t r a i n e d  t o  t h e  t r a n s l u n a r  i n j e c t i o n  v e c t o r  ( o b t a i n e d  
from t h e  p o s t  TLI t r a j e c t o r y  of  S e c t i o n  4 ) .  The G A T E  
p r o g r a m  was u t i l i z e d  f o r  t h e  s o l u t i o n .  

The p o s i t i o n  componen t s ,  i n  PACSS10, were f i l t e r e d ,  
d i f f e r e n t i a t e d ,  s h a p e d ,  a n d  t r a n s f o r m e d  i n  t h e  same manner 
a s  d e s c r i b e d  i n  P a r a g r a p h  3 . 3 . 1 .  
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T A B L E  3 - 1 ,  TIMES O F  SIG IFICANT EVENTS 

E V E N T  

G u i d a n c e  Reference R e l e a s e  

F i r s t  M o t i o n  

S t a r t  o f  Time B a s e  1 

Mach 1 

Maximum Dynamic Pressure 

S - I C  Center  E n g i n e  C u t o f f  

S - I C  O u t b o a r d  E n g i n e  C u t o f f  

S - I C / S - I 1  S e p a r a t i o n  Command 

S - I 1  Center  E n g i n e  C u t o f f  

S - 1 1  O u t b o a r d  E n g i n e  C u t o f f  

S - I I / S - I V B  S e p a r a t i o n  Command 

S-IVB 1 s t  G u i d a n c e  C u t o f f  

P a r k i n g  O r b i t  I n s e r t i o n  

B e g i n  S-IVB Res ta r t  P r e p a -  
r a t i o n s  

S-IVB E n g i n e  Rei g n i  t i o n  
(STDV Open)  

S-IVB 2nd  G u i d a n c e  C u t o f f  

T r a n s l u n a r  I n j e c t i o n  

CSM S e p a r a t i o n  

S t a r t  o f  Time Base 8 

R A N G E  TIME, SECONDS 

A C T - N O M  

0 0 2 8  

0 .0  

0 . 0  

-1 .o  

- 2 . 7  

- 0 . 0 3  

- 0 . 7 4  

- 0 . 8  

- 0 . 7 4  

1 . 3 6  

1 . 3  

4 . 0 5  

4 . 0 5  

2 . 5  

2 . 8  

1 - 1 . 0 7  

- 1 . 0 7  

1 - 0 . 3  

1 1 5 . 2  

I 

3 - 2 3  
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T A B L E  3-11,  S I G N I F I C A N T  T R A J E C T O R Y  P A R A M E T E R S  

I Mach 1 

s - I1  

S - I V R  1 s t  B u r n  

S - IVB 2nd Burn  

s - I 1  

S - I V R  1 s t  Bu rn  

5 - I V B  2nd B u r n  

P A R A M E T E R  

Ranqe Tii i ie, 5ec 

T o t a l  I n e r t i a l  A c c e l e r a t i o n ,  m / \  2 

( f t l s ? )  

Ranqe T ime,  s e c  

A l t i t u d e ,  km 
( n  m i )  

Ranqe Time, sec  

Dynamic P r e s s u r e ,  N/cm 

A l t i t u d e ,  km 

2 
( 1  b f / f t 2 )  

( n  m i )  

Ranqe T ime,  sec  

A c c e l e r a t i o n ,  m/s 2 

( f t l s 2 )  
(9) 

Ranqe Time, sec 

A c c e l e r a t i o n ,  m/s 2 

( f t / s 2 )  
((1) 

Panqe T ime,  sec  

A c c e l e r a t i o n ,  m/s 2 

( f t / s 2  1 
(4) 

Range Time, sec  

A c c e l e r a t i o n ,  m / s  2 

( f t / s 2 )  

Range Time, sec  

V e l o c i t y ,  m/s 

Ranqe T ime,  sec  

( f t / s )  

V e l o c i t y ,  m / s  
( f t / s )  

Ranqe Time, sec  

' V e l o c i t y ,  m / s  
( f t / s )  

Ranqe Time. sec  

V e l o c i t y ,  m / s  
( f t / s )  

VALUE 

n. 3 

111.74 
( 3 5 . 2 4 )  

(1.10) 

6 6 . 1  

7.8 
( 4 . 2 )  

161 .82  

38.34 
( 1 2 5 . 7 9 )  

( 3 . 9 1 )  

460.83  

17 .92  
( 5 8 . 7 9 )  

( 1 . 8 3 )  

693.99  

6 .77  

( 0 . 6 9 )  

10,364.02 

14 .55  

( 1 . 4 8 )  

( 2 2 . 2 1 )  

(47 .74 )  

162.18  

2,393.3 
(7 ,852 .0 )  

553.20  

6,558.6 
(21 ,517.7)  

703.91  

7,389.1 
(24 ,242 .5 )  

10,384.32 

10,382.4 
(34 ,063 .0 )  

3-24 
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TABLE 3 - 1 V e  STAGE S E P A R A T I O N  C O N D I T I O  

s -  I C / S -  I I 

COMMAND 
PARAMETER SEPARATION 

Range T ime ,  s e c  162 .4  

A l t i t u d e ,  km 

S u r f a c e  Range km 
( n  m i )  

S p a c e - F i x e d  V e l  o c i  t 

F l i g h t  P a t h  A n g l e ,  deg 

H e a d i n g  A n g l e ,  deg  

Cross Range km 

( n  m i )  

( n  m i )  

Cross Range V e l o c i t y ,  m/s 
( f t / s )  

2.7 
( 8 . 9 )  

G e o d e t i c  L a t i t u d e ,  deg N 28.871 

L o n g i t u d e ,  deg E -79.677 

S - I I / S - I V B  
SEPARATION 
COMMAND 

553.2 

190 .4  
( 1 0 2 . 8 )  

1,644.0 
( 8 8 7 . 7 )  

6,961.9 
(22 ,840 .9 )  

0 .432 

82 .533 

27.0 
( 1 4 . 6 )  

179.3  
( 5 8 8 . 3 )  

31.925 

-63 .934 

3 - 2 6  
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SECTION 4 

ORBITAL TRAJECTORY R E  CONSTRUCTION 

4 . 1  O R B  I T A L  T R A J E  C T O R  I E S 

The S-IVB/LM/CSM was i n s e r t e d  i n t o  a n e a r  c i r c u l a r  p a r k i n g  
o r b i t  a t  7 0 3 . 9 1  s e c o n d s ,  While i n  p a r k i n q  o r b i t ,  v e h i c l e  
s u b s y s t e m  c h e c k o u t  was c a r r i e d  o u t  f r o m  t h e  t r a c k i n g  s t a t i o n s  
a n d  Mission C o n t r o l  Center  a t  H o u s t o n .  D u r i n g  t h e  s e c o n d  
r e v o l u t i o n ,  a p p r o x i m a t e l y  midway b e t w e e n  A u s t r a l i a  a n d  
H a w a i i ,  t h e  S-IVE s t a g e  was r e s t a r t e d  a n d  t h e  v e h i c l e  was 
p l a c e d  o n t o  a t r a n s l u n a r  t r a j e c t o r y .  

The p a r k i n g  o r b i t  i n s e r t i o n  c o n d i t i o n s  were c l o s e  t o  n o m i n a l .  
The s p a c e - f i x e d  v e l o c i t y  a t  i n s e r t i o n  was 0 . 5  m/s ( 1 . 7  f t / s )  
l e s s  t h a n  n o m i n a l ,  and  t h e  f l i g h t  p a t h  a n g l e  was 0 . 0 1 4  d e g r e e  
l e s s  t h a n  n o m i n a l .  The e c c e n t r i c i t y  was 0 . 0 0 0 3 2  g r e a t e r  t h a n  
n o m i n a l .  The a p o g e e  was 0.2 km ( 0 . 1  n m i )  g r e a t e r  t h a n  
n o m i n a l ,  a n d  t h e  p e r i g e e  was  4 . 0  k m  ( 2 . 2  n m i )  l e s s  t h a n  
n o m i n a l  e 

T h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  c o n d i t i o n s  w e r e  a l s o  c l o s e  t o  
n o m i n a l .  The e c c e n t r i c i t y  was  0 . 0 0 1 0 0  l e s s  t h a n  n o m i n a l ,  t h e  
i n c l i n a t i o n  was  0 . 0 1 9  d e g r e e  g r e a t e r  t h a n  n o m i n a l ,  a n d  t h e  
n o d e  was 0 . 0 3 3  d e g r e e  l o w e r  t h a n  n o m i n a l .  The s p a c e - f i x e d  
v e l o c i t y  was 1 . 6  m/s ( 5 . 2  f t / s )  l e s s  t h a n  n o m i n a l  , t h e  a l t i t u d e  
was 1 , 6  k m  ( 0 . 9  n m i &  l e s s  t h a n  n o m i n a l ,  a n d  C3 was 6 0 , 8 2 8  
m 2 / s 2  ( 6 5 4 , 7 4 7  f t Z / s  ) l e s s  t h a n  n o m i n a l .  A l t h o u g h  t h e s e  
p a r a m e t e r s  were c l o s e  t o  n o m i n a l ,  t h e  d e v i a t i o n s  d i d  
s i g n i f i c a n t l y  a f f e c t  t h e  s l i n g s h o t  t r a j e c t o r y .  ( S e e  S e c t i o n  
7 \  

The p a r k i n g  o r b i t  t r a j e c t o r y  s p a n s  t h e  i n t e r v a l  f r o m  i n s e r t i o n  
t o  b e g i n  S-IVB r e s t a r t  p r e p a r a t i o n s  ( 9 , 4 6 4 . 5  s e c o n d s ) .  The 
p o s t  TLI t r a j e c t o r y  c o v e r s  t h e  p e r i o d  f r o m  t r a n s l u n a r  i n j e c t i o n  
( 1 0 , 3 9 3 . 9 4  s e c o n d s )  t o  CSM s e p a r a t i o n  ( 1 1 , 8 8 4 . 9  s e c o n d s ) .  
These two o r b i t a l  t r a j e c t o r i e s  were e s t a b l i s h e d  by t h e  i n t e g r a -  
t i o n  o f  t h e  o r b i t a l  model e q u a t i o n s  u s i n g  t h e  i n s e r t i o n /  
i n j e c t i o n  v e c t o r  a s  t h e  i n i t i a l  c o n d i t i o n s .  

The i n s e r t i o n / i n j e c t i o n  c o n d i t i o n s ,  a s  d e t e r m i n e d  by t h e  
O r b i t a l  C o r r e c t i o n  P r o g r a m  ( O C P ) ,  were o b t a i n e d  by a d i f f e r -  
e n t i a l  c o r r e c t i o n  p r o c e d u r e  w h i c h  a d j u s t e d  t he  e s t i m a t e d  
i n s e r t i o n / i n j e c t i o n  c o n d i t i o n s  t o  f i t  t h e  C-banti r a d a r  t r a c k i n g  
d a t a  i n  a c c o r d a n c e  w i t h  t h e  we igh t s  a s s i g n e d  t o  t he  d a t a .  
Af te r  a l l  a v a i l a b l e  C-band r a d a r  t r a c k i n g  d a t a  were a n a l y z e d ,  
t h e  s t a t i o n s  a n d  p a s s e s  p r o v i d i n g  t h e  b e t t e r  q u a l i t y  d a t a  were 
u s e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  i n s e r t i o n / i n j e c t i o n  c o n d i t i o n s .  
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4 , 2  ORBITAL D A T A  SOURCES 

4 .2 .1  O r b i t a l  T r a c k i n g  D a t a  

O r b i t a l  t r a c k i n  was c o n d u c t e d  by t h e  NASA Manned S p a c e  
F l i g h t  Network QMSFN). 
d a t a  i s  g i v e n  i n  T a b l e  4-1, T h e  U n i f i e d  S - b a n d  (USB) 
t r a c k i n g  d a t a  a v a i l a b l e  d u r i n g  these  p e r i o d s  o f  f l i g h t  
were n o t  u s e d  d u e  t o  t h e  a d e q u a t e  C-band r a d a r  d a t a .  
The hour -an  l e / d e c l i n a t i o n  d a t a  f r o m  the J e t  P r o p u l s i o n  
L a b o r a t o r y  9 J P L )  W i n g - S i t e s  were n o t  u s e d  d u e  t o  t h e  
ample C-band r a d a r  d a t a  a n d  l a c k  o f  c o n f i d e n c e  i n  d a t a  
c o n v e r s i o n  a n d  a p p l i c a t i o n  t o  t h e  o r b i t  s o l u t i o n ,  

A summary o f  the  o r b i t a l  t r a c k i n g  

4 . 2 . 2  O r b i t a l  V e n t i n g  A c c e l e r a t i o n  D a t a  

D u r i n g  t h e  o r b i t ,  no  m a j o r  t h r u s t i n g  o c c u r r e d ;  h o w e v e r ,  t h e  
o r b i t  was  c o n t i n u o u s l y  p e r t u r b e d  by l o w - l e v e l  LH2 v e n t i n g  
t h r u s t .  To a c c u r a t e l y  model  t h e  o r b i t  o f  t h e  v e h i c l e ,  t h i s  
p e r t u r b a t i o n  was  t a k e n  i n t o  a c c o u n t .  The v e n t i n g  model  was 
d e r i v e d  f r o m  t e l e m e t e r e d  g u i d a n c e  v e l o c i t y  d a t a  f r o m  t h e  
ST-124M g u i d a n c e  p l a t f o r m .  The  g u i d a n c e  v e l o c i t y  d a t a  were 
f i t t e d  i n  segments by p o l y n o m i a l s  i n  t i m e .  These p o l y n o m i a l s  
were a n a l y t i c a l l y  d i f f e r e n t i a t e d  t o  model  t h e  a c c e l e r a t i o n  
c o m p o n e n t s  m e a s u r e d  by t h e  g u i d a n c e  p l a t f o r m .  T a b l e  4 -11  
l i s t s  t h e  a c c e l e r a t i o n  p o l y n o m i a l s  d e r i v e d  by t h i s  m e t h o d .  
F igure  4 - 1  r e f l e c t s  t h e  b e s t  e s t i m a t e  o f  t h e  t o t a l  v e n t i n g  
a c c e l e r a t i o n  (RSS o f  c o m p o n e n t s )  a f t e r  a t m o s p h e r i c  e f f e c t s  
and  b i a s e s  h a v e  b e e n  r e m o v e d .  

4 .3  T R A J E C T O R Y  RE CONSTRUCT I ON 

4 .3 .1  P a r k i n g  O r b i t  I n s e r t i o n  C o n d i t i o n s  

The O r b i t a l  C o r r e c t i o n  P r o g r a m  ( O C P )  was  u s e d  t o  s o l v e  f o r  t h e  
p a r k i n g  o r b i t  i n s e r t i o n  c o n d i t i o n s  u t i l i z i n g  C-band t r a c k i n g  
d a t a  a n d  t h e  a b o v e - m e n t i o n e d  vent  m o d e l .  The i n s e r t i o n  
c o n d i t i o n s  a r e  g i v e n  i n  T a b l e  4 -111 .  T h e  p a r k i n g  o r b i t  
s o l u t i o n  was b a s e d  on a c o m p o s i t e  f i t  o f  t h e  two Bermuda 
s t a t i o n s  a t  i n s e r t i o n ,  p a s s  o n e  o f  C a r n a r v o n ,  p a s s  two o f  
MILA, pas s  two  o f  Bermuda ( F P Q - 6 ) ,  a n d  pas s  two o f  C a r n a r v o n .  
T h i s  c o m b i n a t i o n  o f  t r a c k e r s  i s  g e o m e t r i c a l l y  s p a c e d  t o  i n su re  
a d e q u a t e  c o v e r a g e  o f  t h e  p a r k i n g  o r b i t .  The Bermuda d a t a  a t  
i n s e r t i o n  were a l s o  u s e d  i n  t h e  t r a j e c t o r y  r e c o n s t r u c t i o n  o f  
t h e  a s c e n t  p h a s e .  The use o f  Bermuda d a t a  i n  the  a s c e n t  p h a s e  
s o l u t i o n  and  a l s o  i n  t h e  o r b i t a l  p h a s e  s o l u t i o n  a i d s  i n  
a s s u r i n g  t h e  c o n t i n u i t y  o f  t h e  t r a j e c t o r y .  The o r b i t a l  
s o l u t i o n ,  w i t h  t h e  e x c e p t i o n  o f  t h e  FPS-16M Bermuda r a d a r ,  
i s  b a s e d  on t h e  h i g h e r  q u a l i t y  FPQ-6 o r  T P Q - 1 8  r a d a r s .  The 
g r o u n d  t r a c k  f r o m  p a r k i n g  o r b i t  i n s e r t i o n  t o  CSM s e p a r a t i o n  
i s  g i v e n  i n  F i g u r e  4-2 .  The p a r k i n g  o r b i t  t r a j e c t o r y  i n  
PACSSl i s  g i v e n  i n  T a b l e s  B-IV A N D  C-IV. 
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4 , 3 , 2  T r a n s l u n a r  I n j e c t i o n  C o n d i t i o n s  

The t r a n s l u n a r  i n j e c t i o n  (TLI )  c o n d i t i o n s  were d e t e r m i n e d  by 
t h e  O r b i t a l  C o r r e c t i o n  Program ( O C P )  u t i l i z i n g  t h e  p o s t  
i n j e c t i o n  C-band t r a c k i n g  d a t a .  The Hawaii d a t a  a t  T L I  were 
u t i l i z e d  i n  t h e  second b u r n  and o r b i t a l  t r a j e c t o r y  
r e c o n s t r u c t i o n .  The use o f  t h e  Hawaii d a t a  i n  t h e  second 
b u r n  and p o s t  TLI p h a s e s  a i d e d  i n  i n s u r i n g  t h e  c o n t i n u i t y  o f  
t h e  t r a j e c t o r y .  The TLI c o n d i t i o n s  a r e  g i v e n  i n  T a b l e  4-IV.  
The TLI s t a t e  v e c t o r  o b t a i n e d  by t h e  G A T E  program from t h e  
i n t e q r a t i o n  of  t h e  g u i d a n c e  v e l o c i t y  d a t a  a g r e e d  f a v o r a b l y  
w i t h  t h e  O C P  d e t e r m i n e d  TLI v e c t o r .  The p o s t  TLI t r a j e c t o r y  
i s  i n c l u d e d  i n  T a b l e s  B - V  t h r o u g h  B-VI1 i n  m e t r i c  u n i t s  and 
T a b l e s  C - V  t h r o u g h  C-VI1 i n  E n g l i s h  u n i t s .  The CSM 
s e p a r a t i o n  c o n d i t i o n s  a r e  g i v e n  i n  T a b l e  4-V.  

4 .4  ORBITAL TRACKING ANALYSIS 

The s t a t i o n s  used t o  o b t a i n  t h e  p a r k i n g  o r b i t  i n s e r t i o n  
c o n d i t i o n s  a n d  t r a n s l u n a r  i n j e c t i o n  c o n d i t i o n s  a r e  g i v e n  by 
T a b l e s  4-VI a n d  4 - V I I ,  r e s p e c t i v e l y .  These  t w o  t a b l e s  a l s o  
i n c l u d e  t h e  number o f  d a t a  p o i n t s  and t h e  Root-Mean-Square 
(RMS) e r r o r s  o f  t h e  r e s i d u a l s  f o r  e a c h  d a t a  t y p e .  These RMS 
e r r o r s  r e p r e s e n t  t h e  d i f f e r e n c e  between t h e  a c t u a l  r a d a r  
o b s e r v a t i o n s  and t h e  c a l c u l a t e d  o b s e r v a t i o n s  based  o n  t h e  
o r b i t a l  e p h e m e r i s  d e f i n e d  by t h e  i n i t i a l  c o n d i t i o n s .  The 
R M S  r e s i d u a l  e r r o r s  i n c l u d e  h igh  f r e q u e n c y  e r r o r s  (assumed 
G a u s s i a n ) ,  s y s t e m a t i c  e r r o r s  due t o  i n s t r u m e n t a t i o n  b i a s e s ,  
m a t h e m a t i c a l  model e r r o r ,  a n d  e r r o r s  i n  t h e  c o r r e c t i o n  f o r  
a t m o s p h e r i c  r e f r a c t i o n .  

The maximum RMS e r r o r  of  t h e  r a d a r  r e s i d u a l s  f o r  t h e  p a r k i n g  
o r b i t  was 18  m ( 5 9  f t )  i n  s l a n t  r a n g e ,  0 .065 d e g r e e  i n  
e l e v a t i o n  a n g l e ,  and 0.021 d e g r e e  i n  a z i m u t h  a n g l e .  The 
maximum RMS e r r o r  of t h e  r a d a r  r e s i d u a l s  f o r  t h e  p o s t  TLI 
t r a j e c t o r y  was 10  m ( 3 3  f t )  i n  s l a n t  r a n g e ,  0.031 d e g r e e  i n  
e l e v a t i o n  a n g l e ,  and 0.019 i n  az imuth  a n g l e ,  The magn i tudes  
of  t h e s e  RMS e r r o r s  a r e  r e a s o n a b l e  a n d  i n d i c a t e  t h e  v a l i d i t y  
of  t h e  p a r k i n q  o r b i t  and p o s t  TLI t r a j e c t o r y .  
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T A B L E  4 -1 ,  S U M  A R Y  OF ORBITAL TRACKING 
D A T A  AVAILABLE 

* J e t  P r o p u l s i o n  L a b o r a t o r y  W i n g  S i t e s  measu r ing  
hour  a n g l e ,  d e c l i n a t i o n ,  and r a n g e  r a t e  (PACSS3b). 
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D 5 - 1 5 5 6 0 - 7  

TABLE 4 - 1 1 .  ORBITAL VENT1 G ACCELERATION POLYNOMIALS* 

X * *  
694  7 7 6  T b  9 998  
7 7 6  9,998 10 ,038  T e  

c O  - 0 . 2 0 2 7 9 5 2 8 ~ 1  0 - 5  - 0 . 6 4 2 6 4 9 2 8 ~ 1 0 - ~  0 . 4 1 1 6 0 1 3 8 ~ 1 0 - ~  

0 . 6 4 3 6 2 1  6 4 x 1  0 - 8  - 0 . 2 2 0 9 7 5 1 6 ~ 1 0 - ~  0 . 6 3 3 8 9 3 5 8 ~ 1 0 - ~  

c 2  

c 3  

c 4  
c 5  

0 0 . 2 3 3 2 3 2 2 8 ~ 1  0 - 1  0 

0 - 0 . 3 5 9 6 2 8 8 2 ~ 1  0 - 2 3  0 

0 

0 

- 1  5 
- 1 9  

0 - 0 . 7 1 3 7 1 5 7 3 ~ 1 0  

0 0 . 8 6 0 9 5 7 3 7 ~ 1 0  

6 9 4  
1 0 , 0 3 8  

0 
0 
0 

0 
0 

0 

Y 

.. 
Z 

6 9 4  776  9 998  

9,998 1 0 , 0 3 8  7 7 6  
T b  

T e  

c O  
c1  

c 3  

c 4  

0 . 5 6 8 2 7 5 9 7 ~ 1  O m 5  0 . 1 7 8 5 7 0 8 3 ~ 1 0 - ~  0 . 2 1 0 5 5 6 4 2 ~ 1 0 - ~  
- 0 . 3 0 0 4 6 2 5 7 ~ 1  0 - 7  - 0 . 3 2 7 1 9 8 8 1 ~ 1 0 - ~  0 . 4 2 5 2 9 8 2 3 ~ 1 0 ~ ~  

c 2  - 0 . 2 5 2 7 2 4 0 4 ~ 1 0 - ~ ~  0 . 1 3 3 2 8 8 6 0 ~ 1 0 - ~ ~  0 
0 - 0 . 1 6 9 6 9 5 7 5 ~ 1  0 - 1  0 

0 . 5 1 5 1 5 2 7 0 ~ 1 0 - ~ ~  0 
0 - 2 0  0 0 . 2 0 7 0 4 4 3 0 ~ 1 0  

0 

2 * P o l y n o m i a l s  a r e  o f  t h e  f o r m  a=Co+Clt+C2t + C  3 t 3 + C  4 t 4 + C  5 t5 

w h e r e  a i s  t h e  a c c e l e r a t i o n  c o m p o n e n t  ( k m / s 2 )  a n d  t = T - T b  
w h e r e  T b < T < T e .  
f o r  t h e  p o l y n o m i a l  s e g m e n t s  a r e  e x p r e s s e d  i n  s e c o n d s .  

v e h i c l e  p l  a t f o r m - a c c e l  e r o m e t e r  s y s t e m  (PACSS12) -  

The b e g i n  t i m e  ( T b )  a n d  t h e  e n d  t i m e  (T,) 

** T h e  a c c e l e r a t i o n  c o m p o n e n t s  a r e  e x p r e s s e d  i n  t h e  l a u n c h  
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T A B L E  4-111,  P A R K 1  G ORBIT INSERTION CONDITIONS 

P A R A M E T E R  

Range Time, s e c  

A l t i t u d e ,  km 
( n  mi)  

Space -F i  x e d  Vel o c i  t y  , m/s 
( f t / s )  

F l i g h t  Pa th  A n g l e ,  deg 

Heading A n g l e ,  deg  

I n c l i n a t i o n ,  deg  

Descend ing  Node, d e g  

E c c e n t r i c i t y  

Apogee*, km 
(n  m i )  

Peri  gee* ,  krii 
( n  m i )  

P e r i o d ,  m i n  

G e o d e t i c  L a t i t u d e ,  d e g  N 

L o n g i t u d e ,  deg E 

V A L U E  
~~ 

703.91 

190 .9  
( 1 0 3 . 1 )  

7 ,792 .5  
( 2 5 , 5 6 5 . 9 )  

-0 .014  

88.580 

32 .540  

123.126 

0.00032 

185 .4  
( 1 0 0 . 1 )  

181 .2  
( 9 7 . 8 )  

88.16 

32.682 

-53.131 

*Based on a s p h e r i c a l  e a r t h  o f  r a d i u s  6 ,378.165 k m  
(3 ,443 .934  n mi) 
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TABLE 4 - I V .  TRANSLUNAR INJECTION CONDITIONS 

PARAMETER 

Range T i m e ,  s e c  

A1 t i  t u d e ,  km 
( n  m i )  

S p a c e - F i x e d  V e l o c i t y ,  m / s  

F l i g h t  P a t h  A n g l e ,  deg 

H e a d i n g  A n g l e ,  d e g  

I n c l i n a t i o n ,  d e g  

D e s c e n d i n g  Node,  deg 

E c c e n t r i c i t y  

~ 3 * ,  m2/s2 

G e o d e t i c  L a t i t u d e ,  deg N 

L o n g i t u d e ,  d e g  E 

( f t / s  1 

( f t 2 / s 2 )  

VALUE 

( -  

1 0  393.94 

368.6  
( 1  99 . o )  

1 0  786.8 
(35 ,389 .8 )  

8 .584  

63.902 

30.355 

120.338 

0 .96966 

- 1  ,834,425 
19 ,745,586)  

16,176 

-154.280 

* T w i c e  t h e  s p e c i f i c  e n e r g y  o f  o r b i t  

where  V = I n e r t i a l  V e l o c i t y  
p = G r a v i t a t i o n a l  C o n s t a n t  
R = R a d i u s  f r o m  c e n t e r  o f  e a r t h  
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T A E L E  4-Ve CS SEPARATION C O  

I PARAMETER 

Range Time,  s e c  

A l t i t u d e ,  km 
( n  mi)  

S p a c e - F i x e d  V e l o c i t y ,  m/s 

F l i g h t  P a t h  A n g l e ,  deg 

Heading  Angle ,  deg 

G e o d e t i c  L a t i t u d e ,  deg N 

L o n g i t u d e ,  d e g  E 

( f t / s )  

V A L U E  

1 1 , 8 8 4 * 9  

7 , 0 7 3 . 3  
( 3 , 8 1 9 . 3 )  

7 ,579 .0  
( 2 4 , 8 6 5 . 5 )  

45 ,092  

100 .194 

28.815 

-79.537 
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SECTION 5 

TRAJECTORY E R R O R  ANALYSIS 

5 . 1  E R R O R  ANALYSIS 

The  c o n f i d e n c e  l e v e l  o r  u n c e r t a i n t y  t h a t  i s  a s s i g n e d  t o  a 
r e c o n s t r u c t e d  t r a j e c t o r y  d e p e n d s  o n  t h e  d e g r e e  o f  f u l f i l l m e n t  
o f  t h e  f o l l o w i n g  c r i t e r i a :  

a .  Q u a n t i t y  o f  T r a c k i n g  D a t a  
b.  q u a l i t y  o f  T r a c k i n g  D a t a  
c .  C o n s i s t e n c y  b e t w e e n  T r a c k i n g  a n d  G u i d a n c e  V e l o c i t y  D a t a  
d .  C o n t i n u i t y  b e t w e e n  T r a j e c t o r y  S e g m e n t s  

T h e s e  c r i t e r i a  v a r y  f r o m  f l i g h t  t o  f l i q h t .  T h e r e f o r e ,  a 
r i g o r o u s  s t a t i s t i c a l  e r r o r  a n a l y s i s  o f  t h e  r e c o n s t r u c t e d  
t r a j e c t o r y  i s  d i f f i c u l t  t o  o b t a i n .  T h e  f o l l o w i n g  p a r a q r a p h s  
s u m m a r i z e  t h e  r e s u l t s  f o r  t h i s  f l i g h t ,  a n d  l e a d  t o  t h e  
p o s i t i o n  a n d  v e l o c i t y  u n c e r t a i n t i e s  f o r  t h e  r e c o n s t r u c t e d  
t r a  j e c  t o  r y  

5 . 1 . 1  Q u a n t i t y  o f  T r a c k i n g  D a t a  

The  a v a i l a b l e  t r a c k i n q  d a t a  f o r  t h e  p o w e r e d  f l i g h t  p h a s e s  a r e  
q i v e n  i n  F i q u r e  3 - 1 1  and  T a b l e  3 - V I .  T h e  t r a c k i n g  c o v e r a g e s  
f o r  t h e  p a r k i n g  o r b i t  a n d  p o s t  T L I  p h a s e s  a r e  g i v e n  i n  
T a b l e  4 - 1 .  

The  t r a c k i n g  s t a t i o n s  f o r  t h e  a s c e n t  a n d  p o s t  T L I  p h a s e s  
p r o v i d e d  e x t e n s i v e  r e d u n d a n t  c o v e r a g e ,  The  a v a i l a b l e  t r a c k i n g  
d a t a  d u r i n g  p a r k i n g  o r b i t  p r o v i d e d  a d e q u a t e  c o v e r a g e .  The  
H a w a i i  C - b a n d  t r a c k i n g  d a t a  w e r e  a v a i l a b l e  f o r  a p o r t i o n  o f  
t h e  s e c o n d  b u r n  p h a s e .  

5 . 1 . 2  Q u a l i t y  o f  T r a c k i n g  D a t a  

T h e  t r a c k i n g  d a t a  w e r e  o f  g o o d  q u a l i t y .  C o m p a r i s o n s  o f  t h e  
t r a c k i n g  d a t a  i n  m e a s u r e d  p a r a m e t e r s  (PACSS3a) w i t h  t h e  
a s c e n t  t r a j e c t o r y  a r e  shown i n  F i g u r e s  3 - 1 3  t h r o u g h  3 - 1 5 .  
T h e s e  p l o t s  i n d i c a t e  t h a t  t h e  t r a c k i n g  d a t a  f r o m  t h e  d i f f e r e n t  
s t a t i o n s  w e r e  m u t u a l l y  c o n s i s t e n t  a n d  t h e  d a t a  d e v i a t i o n s  
w e r e  o f  a c c e p t a b l e  m a g n i t u d e .  The  H a w a i i  C -band  s e c o n d  b u r n  
t r a c k i n g  d a t a  c o m p a r i s o n s ,  F i g u r e  3 - 1 6 ,  show g o o d  a g r e e m e n t  
w i t h  t h e  r e c o n s t r u c t e d  t r a j e c t o r y .  The  t r a c k i n q  d a t a  o b t a i n e d  
d u r i n q  t h e  p a r k i n g  o r b i t  a n d  p o s t  T L I  p h a s e s  w e r e  o f  g o o d  
a u a l i t y .  The  R M S  e r r o r s  ,o f  r e s i d u a l s  f o r  e a c h  d a t a  t y p e  a r e  
g i v e n  i n  T a b l e s  4 - V I  a n d  4 - V I I ,  r e s p e c t i v e l y .  
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5 . 1 . 2  ( C o n t i n u e d )  

The t r a c k i n g  d a t a  were  t r a n s f o r m e d  i n t o  t h e  e a r t h - f i x e d  l a u n c h  
s i t e  c o o r d i n a t e  s y s t e m  (PACSS10) a n d  d i f f e r e n c e d  w i t h  t h e  
r e c o n s t r u c t e d  t r a j e c t o r y  t o  p r o v i d e  a more d i r e c t  i n d i c a t i o n  
of t h e  s p r e a d  of  t h e  t r a c k i n g  d a t a .  The t r a c k i n g  d a t a  s p r e a d s  
f o r  t h e  a s c e n t  and second b u r n ,  p a r k i n g  o r b i t ,  a n d  p o s t  T L I  
p h a s e s  a r e  g i v e n  i n  T a b l e s  5-1 t h r o u g h  5 -111 ,  r e s p e c t i v e l y .  

5 . 1 . 3  C o n s i s t e n c y  Between T r a c k i n g  and Guidance  V e l o c i t y  
Data 

The c o n s i s t e n c y  between t r a c k i n g  and g u i d a n c e  v e l o c i t y  d a t a  
can be o b t a i n e d  by examining  t h e  g u i d a n c e  v e l o c i t y  e r r o r  p l o t s  
d u r i n g  powered f l i q h t  t r a j e c t o r y  s e q m e n t s .  These e r r o r  p l o t s  
q i v e  t h e  d i f f e r e n c e s  between t h e  q u i d a n c e  v e l o c i t i e s  from t h e  
ST-124M n l a t f o r m  and t h o s e  d e r i v e d  from t h e  r e c o n s t r u c t e d  
t r a j e c t o r y .  

The g u i d a n c e  v e l o c i t y  e r r o r  p l o t s  f o r  t h e  a s c e n t  phase  had 
r e a s o n a b l e  shaDes a n d  m a q n i t u d e s .  The maximum e r r o r  amounted 
t o  0 . 8  m/s ( 2 . 6  f t / s )  i n  t h e  X - d i r e c t i o n ,  1 . 8  m/s ( 5 . 9  f t / s )  
i n  t h e  Y - d i r e c t i o n ,  a n d  1 . 3  m / s  ( 4 . 3  f t / s )  i n  t h e  Z - d i r e c t i o n ,  
r e f e r e n c e d  t o  l a u n c h  v e h i c l e  p l a t f o r m - a c c e l e r o m e t e r  c o o r d i n a t e  
sys t em ( P A C S S 1 2 ) .  

The g u i d a n c e  v e l o c - i t y  e r r o r  p l o t s  f o r  t h e  second b u r n  phase  
a l s o  had r e a s o n a b l e  shapes  and m a g n i t u d e s .  The maximum e r r o r  
amounted t o  1 . 0  m/s ( 3 . 3  f t / s )  i n  t h e  X - d i r e c t i o n ,  2 . 1  m/s 
( 6 . 9  f t / s )  i n  t h e  Y - d i r e c t i o n ,  and 3 . 8  m/s ( 1 2 . 5  f t / s )  i n  t h e  
Z - d i r e c t i o n ,  r e f e r e n c e d  t o  PACSS12 .  

5 . 1 . 4  C o n t i n u i t y  Between T r a j e c t o r y  Segments  

The c o n t i n u i t y  between t r a j e c t o r y  segments  can be o b t a i n e d  by 
examining  t h e  o r b i t a l  and powered f l i g h t  s o l u t i o n s  a t  p a r k i n g  
o r b i t  i n s e r t i o n  a n d  t r a n s l u n a r  i n j e c t i o n  b e f o r e  t h e  t r a j e c t o r y  
seqmen t s  were merqed t o g e t h e r .  

Comparisons of t h e  s t a t e  v e c t o r  d i f f e r e n c e s  a t  p a r k i n q  o r b i t  
i n s e r t i o n  o b t a i n e d  i n d e p e n d e n t l y  by t h e  powered f l i g h t  a n d  
o r b i t a l  a n a l y s e s  y i e l d e d  good a g r e e m e n t .  The p o s i t i o n  a n d  
v e l o c i t y  components  of  t h e  s o l u t i o n s  had a s p r e a d  o f  60  m 
( 1 9 7  f t )  and 0 . 6  m/s ( 2 . 0  f t / s )  i n  t h e  downranqe d i r e c t i o n ,  
60  m ( 1 9 7  f t )  a n d  0 . 5  m/s ( 1 . 6  f t / s )  i n  t h e  v e r t i c a l  
d i r e c t i o n ,  a n d  30 m (98  f t )  and 0.1 m/s ( 0 . 3  f t / s )  i n  t h e  
c r o s s r a n g e  d i r e c t i o n ,  re fev 'enced  t o  t h e  e a r t h - f i x e d  l a u n c h  
s i t e  c o o r d i n a t e  sys t em (PACSS10). 
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5 .1  . 4  ( C o n t i n u e d )  

C o m p a r i s o n s  o f  t h e  T L I  v e c t o r s  d e t e r m i n e d  i n d e p e n d e n t l y  f r o m  
t h e  p o w e r e d  f l i g h t  a n d  o r b i t a l  a n a l y s e s  a l s o  y i e l d e d  qood  
a q r e e m e n t .  T h e  T L I  v e c t o r  f r o m  t h e  p o w e r e d  f l i g h t  a n a l y s i s  
was o b t a i n e d  b y  p r o p a q a t i n g  f o r w a r d  t h e  s t a t e  v e c t o r  a t  9 ,840  
s e c o n d s  ( f r o m  p a r k i n g  o r b i t  a n a l y s i s )  t o  10,393,94 s e c o n d s  b a s e d  on  
t h e  t e l e m e t e r e d  q u i d a n c e  v e l o c i t y  d a t a .  The T L I  v e c t o r  f r o m  t h e  
o r b i t a l  a n a l y s i s  was d e t e r m i n e d  s e p a r a t e l y  b y  u s i n g  t h e  p o s t  T L I  
t r a c k i n g  d a t a ,  T h e  p o s i t i o n  a n d  v e l o c i t y  c o m p o n e n t s  o f  t h e  t w o  
s o l u t i o n s  h a d  r e s p e c t i v e l y  a d i f f e r e n c e  o f  600  m ( 1 , 9 6 9  f t )  a n d  
0,7 m / s  ( 2 . 3  f t / s )  i n  t h e  X - d i r e c t i o n ,  4 0  m ( 1 3 1  f t )  and  2.2 m/s 
( 7 , 2  f t / s )  i n  t h e  Y - d i r e c t i o n ,  and  6 3 0  m (2 ,067  f t )  a n d  0.3 m/s 
(1 .0  f t / s )  i n  t h e  Z - d i r e c t i o n ,  r e f e r e n c e d  t o  t h e  e a r t h - f i x e d  l a u n c h  
s i t e  c o o r d i n a t e  s y s t e m  (PACSS10).  

A d i s p e r s i o n  a n a l y s i s  was p e r f o r m e d  f o r  t h e  p o s t  T L I  t r a j e c t o r y .  
T h r e e  s o l u t i o n s  w e r e  o b t a i n e d  b y  j u d i c i o u s l y  s e l e c t i n g  v a r i o u s  
t r a c k i n g  d a t a  c o m b i n a t i o n s .  The  T L I  v e c t o r s  had a s p r e a d  i n  
p o s i t i o n  and  v e l o c i t y  c o m p o n e n t s  r e s p e c t i v e l y  o f  1 6 0  m 
( 5 2 5  f t )  and  0 . 1  m/s  ( 0 . 3  f t / s )  i n  d o w n r a n g e  ( Z ) ,  4 0 0  m 
( 1 , 3 1 2  f t )  a n d  0 . 4  m / s  ( 1 . 3  f t / s )  i n  v e r t i c a l  ( X ) ,  a n d  5 0 0  m 
( 1 , 6 4 0  f t )  a n d  0 . 3  m / s  ( 1 . 0  f t / s )  i n  c r o s s r a n g e  ( Y ) ,  
r e f e r e n c e d  t o  t h e  e a r t h - f i x e d  l a u n c h  s i t e  c o o r d i n a t e  
s y s t e m  (PACSS10) .  

5 . 2  TRAJECTORY UNCERTAINTIES 

B a s e d  on  t h e  i n f o r m a t i o n  o f  P a r a g r a p h  5 .1 ,  p a s t  e x p e r i e n c e ,  
a n d  e n g i n e e r i n g  j u d g m e n t ,  t h e  t r a j e c t o r y  u n c e r t a i n t i e s  w e r e  
e s t i m a t e d .  

The  t r a j e c t o r y  u n c e r t a i n t i e s  f o r  t h e  a s c e n t  p h a s e  a r e  shown 
i n  F i g u r e  5 - 1 .  A t  S - I C  O E C O ,  t h e  u n c e r t a i n t i e s  i n  p o s i t i o n  
a n d  v e l o c i t y  c o m p o n e n t s  i n  P A C S S l O  a r e  f 7 0  m ( k 2 3 0  f t )  a n d  
* 0 . 4  m/s ( f 1 . 3  f t / s ) ,  r e s p e c t i v e l y .  A t  S - I 1  O E C O ,  t h e  
u n c e r t a i n t i e s  i n  p o s i t i o n  a n d  v e l o c i t y  c o m p o n e n t s  i n  P A C S S l O  
a r e  f 3 6 0  m ( k 1 , l S l  f t )  a n d  f 0 . 7  m/s ( f 2 . 3  f t / s ) ,  r e s p e c t i v e l v .  
A t  i n s e r t i o n  a n d  t h r o u g h o u t  t h e  p a r k i n g  o r b i t ,  t h e  
u n c e r t a i n t i e s  i n  p o s i t i o n  and  v e l o c i t y  c o m p o n e n t s  i n  P A C S S l O  
a r e  f 5 0 0  m(+1 ,640  f t )  a n d  k l . 0  m/s ( f 3 . 3  f t / s ) ,  r e s p e c t i v e l y .  
T h e  t r a j e c t o r y  u n c e r t a i n t i e s  i n c r e a s e d  t o  + 7 5 0  m ( t 2 , 4 6 1  f t )  
i n  p o s i t i o n  c o m p o n e n t s  a n d  2 1 . 5  m/s ( 2 4 . 9  f t / s )  i n  v e l o c i t y  
c o m p o n e n t s  a t  T L I  a n d  t h r o u g h o u t  t h e  p o s t  T L I  t r a j e c t o r y .  
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THIS P A G E  I N T E N T I O N A L L Y  L E F T  B L A N K .  

5-8 



D5-15560-7 

SECTION 6 

S P E N T  STAGE TRAJECTORIES 

6 . 1  S-IC S P E N T  STAGE TRAJECTORY 

P o s t f l i g h t  p r e d i c t i o n s  o f  e a r t h  s u r f a c e  impac t  p a r a m e t e r s  f o r  
t h e  s p e n t  S-IC s t a g e  were computed u s i n g  a mass p o i n t  
t r a j e c t o r y  s i m u l a t i o n  compute r  proqram. S-IC p o s t f l i g h t  
b u r n o u t  p o s i t i o n  a n d  v e l o c i t y  d a t a  were combined w i t h  nominal 
main p r o p u l s i o n  sys tem d e c a y  pe r fo rmance  a n d  nominal r e t r o -  
r o c k e t  p e r f o r m a n c e  t o  i n i t i a l i z e  t h e  s i m u l a t i o n  program.  

T h r e e  s e p a r a t e  t h e o r e t i c a l  t r a j e c t o r i e s  were computed f o r  t h e  
s p e n t  S-IC s t a g e .  These  t h r e e  t r a j e c t o r i e s  r e p r e s e n t  t h e  
f o l l o w i n g  b o o s t e r  a t m o s p h e r i c  e n t r y  c o n d i t i o n s :  

a .  Zero d e g r e e  a n g l e - o f - a t t a c k  e n t r y  

b .  N i n e t y  d e g r e e  a n q l e - o f - a t t a c k  e n t r y  

c .  Tumbling e n t r y  

The t u m b l i n g  b o o s t e r  c a s e  i s  c o n s i d e r e d  t o  d e f i n e  a c t u a l  c a s e  
impac t  c o n d i t i o n s  a l t h o u g h  n o  t r a c k i n g  c o v e r a g e  was a v a i l a b l e  
f o r  c o n f i r m a t i o n .  

R e s u l t s  o f  t h e  t h r e e  computed S-IC s p e n t  s t a g e  t r a j e c t o r i e s  
a r e  summarized i n  Tab le  6 - 1 .  The g r o u n d  t r a c k  i s  shown i n  
F i q u r e  6-1 .  

6 . 2  S - I 1  S P E N T  STAGE TRAJECTORY 

T h r e e  s e p a r a t e  t h e o r e t i c a l  t r a j e c t o r i e s ,  c o r r e s p o n d i n g  t o  t h e  
z e r o - d e g r e e ,  n i n e t y - d e g r e e ,  and t u m b l i n g - c a s e  t r a j e c t o r i e s  
computed f o r  t h e  S-IC s t a q e ,  were computed f o r  t h e  s p e n t  S - I 1  
s t a g e .  

The computed r e s u l t s ,  a s suming  a t u m b l i n g  s t a g e ,  were 
c o n s i d e r e d  t o  d e f i n e  s t a g e  impac t  c o n d i t i o n s  s i n c e  no t r a c k i n g  
c o v e r a g e  of t h e  s p e n t  S - I 1  s t a g e  was a v a i l a b l e .  

R e s u l t s  of  t h e  t h r e e  computed S - I1  s p e n t - s t a g e  t r a j e c t o r i e s  
a r e  summarized i n  T a b l e  6 -11 .  The g r o u n d  t r a c k  i s  shown i n  
F i g u r e  6 - 1 .  
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TABLE 6 - 1 .  S - I C  SPENT STAGE TRAJECTORY P A R A  

EVENT 

I m p a c t :  T u m b l i n g  Case 

I m P a c t :  0" A n g l e - o f -  
A t t a c k  

I m p a c t :  9 0 "  A n g l  e - o f  - 
A t t a c k  

Apex :  T u m b l i n g  Case 

PARAMETER 

Range T i m e ,  s e c  

L a t i t u d e ,  d e g  N 

L o n g i t u d e ,  d e g  E 

S u r f a c e  Range,  km 

Range T i m e ,  s e c  

L a t i t u d e ,  d e g  N 

L o n g i t u d e ,  deg  E 

S u r f a c e  Range,  km 

Range T i m e ,  s e c  

L a t i t u d e ,  d e g  N 

L o n g i t u d e ,  d e g  E 

S u r f a c e  Range,  km 

Range T i m e ,  s e c  

A l t i t u d e ,  km 

S u r f a c e  Range,  km 

( n  m i )  

( n  m i )  

( n  m i )  

( n  m i )  

( n  m i )  

VALUE 

5 5 4 . 5  

3 0 . 2 7 3  

- 7 3 . 8 9 5  

6 7 6 . 4  
( 3 6 5 . 2 )  

5 1 4 . 2  

3 0 . 2 9 1  

- 7 3 . 8 0 8  

685.1 
( 3 6 9 . 9 )  

588 .7  

3 0 . 2 6 1  

- 7 3 . 9 5 4  

6 7 0 . 6  
( 3 6 2 . 1 )  

275 .6  

1 2 3 . 0  
( 6 6 . 4 )  

3 3 6 . 0  
( 1 8 1 . 4 )  
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TABLE 6 - 1 1 .  S - I 1  SPENT STAGE TRAJECTORY P A R A  

EVENT 

I m p a c t :  Tumbl  i n q  Case 

I m p a c t :  0" A n g l e - o f -  
A t t a c k  

I m p a c t :  90"  A n s i e - o f -  
A t t a c k  

Apex :  T u m b l i n g  Case 

PARAMETER 

Range T i m e ,  s e c  

L a t i t u d e ,  d e g  N 

L o n g i t u d e ,  d e g  E 

S u r f a c e  Range,  km 

Range T ime ,  s e c  

L a t i t u d e ,  deg  N 

L o n g i t u d e ,  deg  E 

S u r f a c e  Range,  km 

Range T ime ,  s e c  

L a t i t u d e ,  deg  N 

L o n g i t u d e ,  d e g  E 

S u r f a c e  Range,  km 

Range T i m e ,  s e c  

A1 t i  t u d e ,  km 

S u r f a c e  Range,  km 

( n  m i )  

( n  m i )  

( n  m i )  

( n  m i )  

( n  m i )  

VALUE 

1,221 - 6  

3 1 . 4 6 5  

- 3 4 . 2 1 4  

4 ,452 .9  
( 2 , 4 0 4 . 4 )  

1 ,187 .9  

31 .425  

- 3 3 . 9 4 6  

4 ,478.8  
( 2 , 4 1 8 . 4 )  

1 , 2 6 0 . 5  

31 .506  

- 3 4 . 4 9 0  

4 ,426.3  
( 2 , 3 9 0 . 0 )  

581 .7  

1 9 1 . 2  
( 1 0 3 . 2 )  

1,824 e 8 
( 9 8 5 . 3 )  

6-4 
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S-IVB/IU SLINGSHOT TRAJECTORY 

A f t e r  LM e x t r a c t i o n  by t h e  CSM, t h e  S-IVB/IU was o r i e n t e d  by 
a yaw command t o  an e v a s i v e  maneuver a t t i t u d e .  A n  80 - second  
APS u l l a g e  b u r n  p r o v i d e d  t h e  v e l o c i t y  change  t o  a c c o m p l i s h  
e v a s i v e  s e p a r a t i o n  o f  the  S-IVB from the  CSM. 

Fo l lowing  t h e  e v a s i v e  maneuver ,  t h e  S-IVB/IU was slowed down 
and p l a c e d  on a l u n a r  s l i n g s h o t  t r a j e c t o r y  by t he  combined 
e f f e c t s  of  a 58-second L O X  d u m p ,  t w o  s e p a r a t e  A P S  b u r n s ,  and 
c o n t i n u o u s  L H 2  v e n t i n g .  However, t h e  s l i n g s h o t  t r a j e c t o r y  
d i d  n o t  p a s s  s u f f i c i e n t l y  c l o s e  t o  t h e  t r a i l i n g  edge  o f  t h e  
moon t o  g a i n  t h e  r e q u i r e d  e n e r g y  t o  a t t a i n  t h e  d e s i r e d  
he1 i o c e n t r i  c o r b i t  e 

A t ime  h i s t o r y  o f  t h e  a c t u a l  v e l o c i t y  change  a l o n g  t h e  
v e h i c l e  l o n g i t u d i n a l  a x i s  f o r  t h e  e v a s i v e  and t h e  s l i n g s h o t  
maneuvers  i s  p r e s e n t e d  i n  F i g u r e  7-1.  T a b l e  7-1 p r e s e n t s  an 
a t t i t u d e  and v e l o c i t y  change  t i m e l i n e  f o r  t h e  maneuvers  
e x e c u t e d  a f t e r  TLI, The nominal ( r e a l - t i m e  p r e d i c t e d )  l o n g i -  
t u d i n a l  v e l o c i t y  change  i s  i n c l u d e d .  

The S- IVB/IU's  c l o s e s t  a p p r o a c h  a l t i t u d e  of  5 ,707  km 
( 3 , 0 8 2  n m i )  above  t h e  l u n a r  s u r f a c e  o c c u r r e d  85.8 hour s  i n t o  
t h e  m i s s i o n ,  The a c t u a l  and nominal ( r e a l - t i m e  p r e d i c t e d )  
c o n d i t i o n s  a t  t h e  c l o s e s t  approach  t o  t h e  moon a r e  p r e s e n t e d  
i n  T a b l e  7-11.  Actua l  t r a j e c t o r y  p a r a m e t e r s  were d e t e r m i n e d  
by i n t e g r a t i n g  a s t a t e  v e c t o r  computed by t h e  Manned S p a c e c r a f t  
C e n t e r  f rom USB t r a c k i n g  d a t a  o b t a i n e d  d u r i n g  t h e  a c t i v e  
l i f e t i m e  o f  t h e  S-IVB/IU. F i g u r e  7 - 2  i l l u s t r a t e s  t h e  e f f e c t  
o f  t h e  moon a s  t h e  S-IVB/IU p a s s e s  t h r o u g h  t h e  l u n a r  s p h e r e  o f  
i n f l u e n c e .  T a b l e  7-111 p r e s e n t s  t he  g e o c e n t r i c  o r b i t  p a r a m e t e r s  
f o r  t h e  S-IVB/IU and the  moon, 

The a c t u a l  l o n g i t u d i n a l  v e l o c i t y  change  d u r i n g  the  s l i n g s h o t  
maneuver  was v e r y  c l o s e  t o  nomina l ;  however,  t h e  v e h i c l e  n a v i g a t o r  
s t a t e  v e c t o r  used  t o  t a r g e t  t h e  S-IVB/IU i n  r e a l  t i m e  d i d  n o t  
r e f l e c t  an e x i s t i n g  u n d e r s p e e d  c o n d i t i o n  a t  TLI. Th i s  u n d e r -  
s p e e d  c o n d i t i o n  c o u p l e d  w i t h  t h e  s l i n g s h o t  maneuver c a u s e d  
the  S-IVB/IU's  l u n a r  r a d i u s  o f  c l o s e s t  a p p r o a c h ,  7 ,445  km 
( 4 , 0 2 0  n m i ) ,  t o  be g r e a t e r  t h a n  t h e  maximum a l l o w a b l e  
r a d i u s  f o r  e s c a p e  from the ear th-moon s y s t e m ,  v i z , ,  5 ,100  
km (2 ,754  n m i )  f o r  t he -AS-507  m i s s i o n .  

7-1 
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T A B L E  7-1. POST T L I  A T T I T U D E  A N D  V E L O C I T Y  C H A N G E  T I M E L I N E  

SOURCE INITIATION ATTI TUOE 
OF MANEUVER 

TRANSPOSITIOM AM0 OOCKING MANEUVER 

E V A S I V E  MANEUVER 

LPS A t t i t u d e  Con t ro l  15,520 sec I (1;:: W;h)j 0.0 m / s  0.0 m/s 

LPS U l l age  (80 sac) 16.000 sec 180° R o l l  2.9 m/s 3.0 m/s 
(9.5 f t / s )  (9.8 f t / s )  

kPS A t t i t u d e  Con t ro l  

Continuous Vent ing 

(Latched Open) 

LOX Dump (58 sec) 

System 

Programmed APS 
U l l age  (300  sec)  

Ground Commanded 
APS Ul lage (270 sac) 

APS A t t i t u d e  Con t ro l  

SLINGSHOT MANEUVER 

16,580 sec 

16,580 sec 

17,280 sec 

19,400 sec 

19.752 sec 
180° R o l l  

0 . 0  m/s 

2.8 m / s  
(9.2 f t / s )  

10.0 m/s 
(32.8 f t f s )  

11.8 m / s  
(38.7 f t / s )  

10.7 m / s  
(35.1 f t / s )  

COMRUMICATION ATTITUDE MANEUVER 

T o t a l  V e l o c i t y  Change I 38.2 m/s 
(125.3 f t / s )  

t Real- t ime p r e d i c t e d  

* R e l a t i v e  t o  PACSSl3 

** R e l a t i v e  t o  l o c a l  h o r i z o n t a l  re ference system 

0 .0  m / t  

1.5 m / s  
(4.9 f t / s )  

9.7 m / s  
(31.8 f t / s )  

12.7 m/s 
(41.7 f t / s )  

11.2 m/s 
(36.7 f t / s )  

0 . 0  m/s 

(125.0 38.1 f t / s )  m/s 
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TABLE 7 - 1 1 .  C O  P A R I S O N  O F  LUNAR CLOSEST A P P R O A C H  PARAMETERS 

PARAMETER ACTUAL 

S e l e n o c e n t r i c  D i s t a n c e ,  km 
( n  m i )  

A1 t i  t u d e  Above  L u n a r  
S u r f a c e ,  km 

( n  m i )  

Range Time,  h r  

V e l o c i t y  I n c r e a s e  R e l a t i v e  
t o  E a r t h  f r o m  L u n a r  

I E n c o u n t e r ,  km/s 
( n  m i / s )  

I 

7,445 
( 4 , 0 2 0 )  

8 5 . 8  

0 . 5 4 8  
( 0 . 2 9 6 )  

* R e a l - t i m e  p r e d i c t e d  

7 - 5  
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T A B L E  7-111.  GEOCENTRIC O R B I T  PARAMETERS 

P A R A M E T E R  * 

Semimajor Ax i s ,  km 

Apogee, km 

P e r i g e e ,  km 

I n c l i n a t i o n * * ,  deq 

E c c e n t r i c i t y  

P e r i o d ,  d a y s  

(n m i )  

( n  mi )  

( n  mi)  

S-IVB/IU 

508 ,350  
( 2 7 4 , 4 8 7 )  

895 ,600  
( 4 8 3 , 5 8 5 )  

121 ,090  
( 6 5 , 3 8 3 )  

2 9 . 3  

0 . 7 6 2  

4 2 . 6  

MOON 

381,520 
( 2 0 6 , 0 0 4 )  

406,670 
(21  9 , 5 8 4 )  

356,380 
(1  92 ,430)  

2 8 . 5  

0 .059  

2 7 . 3  

* O s c u l a t i n g  o r b i t a l  e lements  c a l c u l a t e d  f o r  l a u n c h  
p l u s  21 d a y s  

** R e l a t i v e  t o  t h e  e a r t h ' s  e q u a t o r i a l  p l a n e  

7-6 
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A P P E N D I X  A 

DEFINIT IONS OF T R A J E C T O R Y  SYMBOLS A N D  C O O R D I N A T E  S Y S T E M S  

SYMBOL D E F I N  I T 1  014 

XE, Y E ,  ZE P o s i t i o n ,  v e l o c i t y ,  and a c c e l e r a t i o n  com- 
D X E ,  D Y E ,  DZE p o n e n t s  o f  v e h i c l e  c e n t e r  o f  g r a v i t y  i n  
DDXE,  D D Y E ,  DDZE E a r t h - F i x e d  L a u n c h  S i t e  C o o r d i n a t e  S y s t e m .  

The  o r i g i n  o f  t h i s  s y s t e m  i s  a t  t h e  
i n t e r s e c t i o n  o f  F i s c h e r  E l l i p s c j i d  ( 1 9 6 0 )  
a n d  t h e  n o r m a l  t o  i t  w h i c h  p a s s e s  t h r o u g h  
t h e  s i t e ,  p o s i t i v e  u p w a r d .  The Z a x i s  i s  
p a r a l l e l  t o  t h e  e a r t h - f i x e d  f l i g h t  a z i m u t h ,  
d e f i n e d  a t  g u i d a n c e  r e f e r e n c e  r e l e a s e  
t i m e ,  and  i s  p o s i t i v e  down r a n g e .  The Y 
a x i s  c o m p l e t e s  a r i g h t - h a n d e d  s y s t e m .  
T h i s  c o o r d i n a t e  s y s t e m  i s  i d e n t i c a l  t o  
S t a n d a r d  C o o r d i n a t e  S y s t e m  1 0  o f  P r o j e c t  
A p o l l o  C o o r d i n a t e  S y s t e m  S t a n d a r d s ,  
a b b r e v i a t e d  as P A C S S l O .  

xs, Y S ,  z s  P o s i t i o n ,  v e l o c i t y ,  and  a c c e l e r a t i o n  corn- 
D X S ,  D Y S ,  D Z S  p o n e n t s  o f  v e h i c l e  c e n t e r  o f  g r a v i t y  i n  
D D X S ,  DDYS,  DDZS L a u n c h  V e h i c l e  N a v i g a t i o n  C o o r d i n a t e  

S y s t e m .  The o r i g i n  o f  t h i s  s y s t e m  i s  a t  
t h e  c e n t e r  o f  t h e  e a r t h .  The X a x i s  i s  
p a r a l l e l  t o  F i s c h e r  E l l i p s o i d  n o r m a l  
t h r o u g h  t h e  l a u n c h  s i t e ,  p o s i t i v e  
u p w a r d .  The Z a x i s  i s  p a r a l l e l  t o  t h e  
f l i g h t  a z i m u t h ,  p o s i t i v e  downrange .  The  
Y a x i s  c o m p l e t e s  a r i g h t - h a n d e d  s y s t e m .  
The d i  r e c t i o n  o f  t h e  c o o r d i n a t e  a x e s  
r e m a i n s  f i x e d  i n  s p a c e  a t  g u i d a n c e  
r e f e r e n c e  r e l e a s e .  T h i s  c o o r d i n a t e  
s y s t e m  i s  i d e n t i c a l  t o  S t a n d a r d  
C o o r d i n a t e  S y s t e m  S t a n d a r d s ,  a b b r e v i a t e d  
as PACSS13. 

G C  D I S T  
GC LAT 
GD LAT 
LONG 

P o s i t i o n  c o m p o n e n t s  o f  v e h i c l e  c e n t e r  o f  
g r a v i t y  i n  G e o g r a p h i c  P o l a r  C o o r d i n a t e  
S y s t e m ,  P o s i t i o n  i n  t h i s  s y s t e m  i s  
d e f i n e d  b y  t h e  g e o c e n t r i c  d i s t a n c e  
( G C  D I S T ) ,  g e o c e n t r i c  l a t i t u d e  (GC L A T ) ,  
g e o d e t i c  l a t i t u d e  ( G D  L A T ) ,  a n d  l o n g i t u d e  
(LONG). G e o c e n t r i c  d i s t a n c e  i s  t h e  
d i s t a n c e  f r o m  t h e  g e o c e n t e r  t o  v e h i c l e  
c e n t e r  o f  g r a v i t y .  G e o c e n t r i  c 1 a t i  t u d e  
i s  t h e  a n g l e  b e t w e e n  t h e  r a d i u s  v e c t o r  
o f  t h e  s u b v e h i c l e  p o i n t  a n d  t h e  e q u a -  
t o r i a l  p l a n e ,  p o s i t i v e  n o r t h  o f  t h e  
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APPENDIX A ( C o n t i n u e d )  

DEFI N IT1 ON 

E F  V E L  
V E L - A Z  
V E L - E L  

S F  V E L  

H E A D  
F L T  - P ATH 

e q u a t o r i a l  p l a n e .  G e o d e t i c  l a t i t u d e  i s  
t h e  a n g l e  between t h e  normal t o  t h e  
F i sche r  E l l i p s o i d  th rough  t h e  s u b v e h i c l e  
p o i n t  and t h e  e q u a t o r i a l  p l a n e ,  p o s i t i v e  
n o r t h  of t he  e q u a t o r i a l  p l a n e .  L o n g i t u d e  
i s  t h e  a n g l e  between t h e  p r o j e c t i o n  o f  
t h e  r a d i u s  v e c t o r  i n t o  t h e  e q u a t o r i a l  
p l a n e  and t h e  Greenwich m e r i d i a n ,  p o s i t i v e  
e a s t  o f  t h e  Greenwich m e r i d i a n .  T h i s  
c o o r d i n a t e  s y s t e m  i s  i d e n t i c a l  t o  
S t a n d a r d  C o o r d i n a t e  System 1 o f  P r o j e c t  
Apol l  o Coordi n a t e  System S t a n d a r d s ,  
a b b r e v i a t e d  a s  PACSSl . 
E a r t h - f i x e d  v e l o c i t y  of  v e h i c l e  c e n t e r  of  
g r a v i t y  i n  Geograph ic  Pol a r  C o o r d i n a t e  
Sys tem.  V e l o c i t y  i n  t h i s  sys t em i s  g i v e n  
i n  terms o f  az imuth  ( V E L - A Z ) ,  e l e v a t i o n  
( V E L - E L ) ,  and magni tude  of  t h e  v e l o c i t y  
v e c t o r  ( E F  V E L ) .  A z i m u t h  i s  the  a n g l e  
between t h e  p r o j e c t i o n  o f  t h e  v e l o c i t y  
v e c t o r  i n t o  t h e  l o c a l  h o r i z o n t a l  p l a n e  
and t h e  n o r t h  d i r e c t i o n  i n  t h i s  p l a n e ,  
p o s i t i v e  e a s t  of  n o r t h .  E l e v a t i o n  i s  
t h e  a n g l e  between t h e  v e l o c i t y  v e c t o r  
and t h e  l o c a l  h o r i z o n t a l  p l a n e ,  p o s i t i v e  
above t h e  h o r i z o n t a l  p l a n e .  T h i s  
c o o r d i n a t e  s y s t e m  i s  i d e n t i c a l  t o  
S t a n d a r d  C o o r d i n a t e  System 1 of  P r o j e c t  
A p o l l o  C o o r d i n a t e  System S t a n d a r d s ,  
a b b r e v i a t e d  a s  PACSSl . 
S p a c e - f i x e d  v e l o c i t y  o f  v e h i c l e  c e n t e r  o f  
g r a v i t y  i n  Geographic  P o l a r  C o o r d i n a t e  
Sys tem.  V e l o c i t y  i n  t h i s  sys t em i s  g i v e n  
i n  t e rms  o f  h e a d i n g  a n g l e  ( H E A D ) ,  f l i g h t  
p a t h  a n g l e  (FLT-PATH), and magni tude  o f  
v e l o c i t y  v e c t o r  ( S F  V E L ) .  Heading a n g l e  
i s  t h e  a n g l e  between the  p r o j e c t i o n  o f  
t h e  v e l o c i t y  v e c t o r  i n t o  t h e  l o c a l  
h o r i z o n t a l  p l a n e  and the  n o r t h  d i r e c t i o n  
i n  t h i s  p l a n e ,  p o s i t i v e  e a s t  of  n o r t h .  
F l i g h t  pa th  a n g l e  i s  t h e  a n g l e  between 
t h e  l o c a l  h o r i z o n t a l  pl  a n e ,  p o s i  t i  ve 
above t h e  h o r i z o n t a l  p l a n e .  T h i s  
c o o r d i n a t e  s y s t e m  i s  i d e n t i c a l  t o  
S t a n d a r d  C o o r d i n a t e  System 1 o f  P r o j e c t  
A p o l l o  C o o r d i n a t e  System S t a n d a r d s ,  
a b b r e v i a t e d  a s  PACSSl e 
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APPENDIX A ( C o n t i n u e d )  

SYMBOL DE F I N I T I 0 N 

ALTITUDE 

R A N G E  

TI ME 

P e r p e n d i c u l a r  d i s t a n c e  from v e h i c l e  
c e n t e r  of  g r a v i t y  t o  F i s c h e r  E l l i p s o i d ,  
p o s i t i v e  above F i s c h e r  E l l i p s o i d .  

S u r f a c e  r a n g e ,  measured a long  F i s c h e r  
E l l i p s o i d  from t h e  l aunch  s i t e  t o  t h e  
subveh i  c l e  p o i n t .  

Range t i m e ,  r e f e r e n c e d  t o  n e a r e s t  
i n t e g e r  s e c o n d  b e f o r e  IU umbi 1 i c a l  
d i s c o n n e c t .  
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T H I S  P A G E  I N T E N T I O N A L L Y  LEFT E L A N K .  
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APPENDIX 6 

E HISTORY OF TRAJECTORY PARAMETERS - METRIC UNITS 

T h e  p o s t f l i g h t  t r a j e c t o r y ,  f rom g u i d a n c e  r e f e r e n c e  r e l e a s e  
t o  C S M  s e p a r a t i o n ,  i s  t a b u l a t e d  i n  m e t r i c  un i t s  i n  T a b l e s  
B-I t h r o u g h  B-VII .  

T a b l e  B-I g i v e s  t he  e a r t h - f i x e d  l a u n c h  s i t e  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components  f o r  t h e  a s c e n t  p h a s e  
o f  t h e  f l i g h t .  

T a b l e  B-I1 g ives  t h e  l a u n c h  v e h i c l e  n a v i g a t i o n  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components  f o r  the  a s c e n t  phase  
of  t h e  f l i g h t .  

Tab le ,  B-I11 g i v e s  t h e  g e o g r a p h i c  p o l a r  c o o r d i n a t e s  f o r  t h e  
a s c e n t  phase  o f  f l i g h t .  

T a b l e  B-IV g i v e s  t h e  g e o g r a p h i c  p o l a r  c o o r d i n a t e s  f o r  t h e  
p a r k i n g  o r b i t  p h a s e  o f  f l i g h t .  

T a b l e  B - V  g i v e s  t h e  e a r t h - f i x e d  l a u n c h  s i t e  p o s i t i o n ,  
v e l o c i t y ,  a n d  a c c e l e r a t i o n  components  f o r  t h e  s e c o n d  b u r n  
p h a s e  o f  t h e  f l i g h t .  

T a b l e  B-VI g i v e s  t h e  l a u n c h  v e h i c l e  n a v i g a t i o n  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components  f o r  t he  s e c o n d  b u r n  
p h a s e  o f  f l i g h t .  

T a b l e  B-VI1 g i v e s  t h e  g e o g r a p h i c  p o l a r  c o o r d i n a t e s  f o r  t h e  
s e c o n d  b u r n  p h a s e  o f  f l i g h t .  
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APPENDIX C 

TIME HISTORY OF T R A J E C T O R Y  P A R A  ETERS - ENGLISH UNITS 

T h e  p o s t f l i g h t  t r a j e c t o r y ,  f rom g u i d a n c e  r e f e r e n c e  r e l e a s e  
t o  CSM s e p a r a t i o n ,  i s  t a b u l a t e d  i n  E n g l i s h  u n i t s  i n  T a b l e s  
C-I t h r o u g h  C-VII .  

T a b l e  C-I g i v e s  t h e  e a r t h - f i x e d  l a u n c h  s i t e  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components  f o r  t h e  a s c e n t  p h a s e  
of f l i g h t .  

T a b l e  C-I1 g i v e s  the  l a u n c h  veh ic l e  n a v i g a t i o n  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components  f o r  t h e  a s c e n t  p h a s e  
of  f l i g h t ,  

T a b l e  C-111 g i v e s  t h e  g e o g r a p h i c  p o l a r  c o o r d i n a t e s  f o r  t h e  
a s c e n t  p h a s e  o f  f l i g h t .  

T a b l e  C-IV g i v e s  t h e  g e o g r a p h i c  p o l a r  c o o r d i n a t e s  f o r  t h e  
p a r k i n g  o r b i t  p h a s e  of  f l i g h t .  

T a b l e  C - V  g ives  t h e  e a r t h - f i x e d  l a u n c h  s i t e  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components  f o r  t h e  s e c o n d  b u r n  
p h a s e  of f l i g h t .  

T a b l e  C-VI g ives  t h e  l a u n c h  v e h i c l e  n a v i g a t i o n  p o s i t i o n ,  
v e l o c i t y ,  and  a c c e l e r a t i o n  components  f o r  t h e  s e c o n d  b u r n  
p h a s e  of f l i g h t .  

T a b l e  C-VI1 g i v e s  t h e  g e o g r a p h i c  p o l a r  c o o r d i n a t e s  for  t h e  
s e c o n d  b u r n  p h a s e  of  f l i g h t .  
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